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Chapter 1: Review of Logic Design Fundamentals 


1.1 
A B С| АФВ ВФС (АФВ). С A'-(B'®Q Е 
0 0 0 0 1 0 1 1 
0 0 1 0 0 0 0 0 
0> 1 0 1 0 0 0 0 
0 1 1 1 1 1 1 1 
1 0 0 1 1 0 0 0 
1 0 1 1 0 1 0 1 
1 1] 0 0 0 0 0 0 
1 1 1] 0 1 0 0 0 
1.2 
X Y Ba | Dif Bu 
0 0 0 0 0 
0 0 1 1 1 
0 1 0 1 1 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 0 
11 0 0 0 
11 1 1 1 
Sum of Products: Diff = XY "В, + X 'Y 'Bin + XYBin + X 'ҮВи' 
Bou = X Bis + X 'Y + YBin 
Product of Sums: Diff = (X + Y + Вь)(Х + Y' + Bin')(X'+ Y+ Bin')(X' + Y' +В) 
Bou = (Y + Bin)(X ' + Bin)(X' + Y) 
13 


S-G-«H' 


Set all map-entered variables to 0 to get MSo=B’D. Set E, Е’, and S to 1 one at a time and all 17% 
to X's to get MS;ZC'D(E), М5>-АВС(Ғ), MS3=BC'D'(G + H^) 


Z=B'D+C'DE+ABCF'+BC'D'G+BC'D'H' 


14 (a) F=A'D'+AC'D+BCD'+A'B'C'E+ BD'E 
(b) Z=A'CD'+ C'D + BC'E + B'DE + CD'F + A'C 'G 
(с) H=A'CD+A'B'CE + BCDF' 
(d G=C'E'F + DEF + AD'F ' 
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1.5 


A Static 1-hazard occurs when А = 0, D = 0, and С changes. When C changes from 1 to 0; A'C also 
goes from 1 to 0. The hazard occurs because C ' hasn't become 1 yet since it has to go through the 


inverter; therefore, F goes to О momentarily before going to 1. Gate delays are assumed to be 10ns 
in the timing diagram below. 


| | | | Г 
Ons 10ns 20ns 30ns 40ns 50ns 60ns 


1.6 


F - bc + b'd' жаса 


3 hazards: А-0, C20, D=0, B changes 
Az], C20, D=0, B changes 
А-0, B=1, D=0, C changes 


To eliminate the hazards, add the term са (combining the four 1’s in the top row) and replace аса" 
with a'd' (combining two 1’s from the bottom left with two 1’s from the top left.) 
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17 (а) 


Е-((а8) (ac) (ad) )' 
= ab + ((atc)’+(a’t+d)’)’ 
= ab + (a + с)(а + d) 
= ab + аа + ad + a'c + cd; 


Circle all these terms on the К-тар; arc shows nearby1’s not in the same product term, 
indicating a 1 hazard. 


]-hazard bcd = 110, a changing 1 => 0 gates 1,5,3,4,5, 
0 => 1 gates 3,4,5,1,5 


F =ab + aa' + ad + a'c + cd 
=ab+a(a' + а) + c(a' + d) 
= ab + (a+c) (а + d) 
= (ab +a +с)(аЬ + a' +d) --see Table 1-1 for Boolean laws 
= (а + с)(а + а' + 4)(а' + b +d) -- atab=a; a’+d+ab=(a’+d+a)(a’+d+b) 


Circle all these terms of 0’s in the К-тар; arc shows 075 not in same term. 


O-hazard bcd - 000, a changing 0-> 1 gates 3,4,5,3,5 
1-> 0 gates 3,4,5,2,5 


(b) We will design a 2-level sum of products circuit because a 2-level sum-of-products circuit has 
no O-hazard as long as an input and its complement are not connected to the same AND gate. 
Avoid 1-hazard by adding product term bc. Use NAND gates as asked in the question. 
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1.8 


1.9 


Wm 


о) 


с 
с 
а 


(a) Z=A'D'+(A+B)(B'+C') 
=А'Р'+ АВ +АС'+ВВ'+ВС' 


Static 1 hazard (see the arcs between nearby 175 not in the same product term.) 
ABCD - 0000 to 1000 
ABCD = 0010 to 1010 


= (A'D' + A + B(A'D' + B' +С") 
=(A'+A+B)(D'+A+B)(A'+B'+C')\(D'+B'+C') 


Static 0 hazard (see the arcs between nearby 0’s not in the same term) 
ABCD = 0111 to 0011 


(b) One can design a hazard-free sum of products circuit as in the previous question. Or, one can 
design a product of sums (POS) circuit with no hazards. A properly designed 2-level POS 
circuit has no 1-hazards. Static O-hazards сап be avoided by including loops for all 0° that are 
adjacent. 4 terms here including the arc: 


= (А + В+ DA + B' + СЭ + B' + СС + D' + А) 


= (Р'+ А + ВС')(А' + B' + С')(Р' + В' + C) combining 15 and 4" terms 
= (Р'+ A + ВСВ + С + A'D combining 214 and 3" terms 


(a) 
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(b) From the characteristic equation for a J-K flip-flop (Q* = ЛО' + К'О): 


111 (a) 


Next State Output 

Present State X0 1 X-0 1 
Reset SO S1 SO 0 0 
0 S1 S1 S2 0 0 
01 S2 53 54 0 0 
010 53 51 55 0 1 
011 54 55 50 1 0 
0101 ог 
0110 55 50 50 1 1 
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(b) Guidelines: 
І. (0,1,3),(0,4,5) 
П. (0,1),(1,2),(3,4),(1,5),(0,5) 
Ш. (0,1,2,3),(4,5),(3,5) 


For state assignment: 
50 = 000 $1 = 001 52-010 53-011 54- 100 55-101 


Equations for NAND gate network: 


Л = ХО» К = X + Оз 
Љ = XQi'Qs К» =Х + Оз 
J2X' K; = ХО»! + О, 


Я = XQ203 +X о + Q103 


For NOR gate network, use product of sums form: 
Кз = (X + ОО: 
2 -(Qi* ОХХ + Q3)(X + О») 


1.12 (a) 


State X=0 1 X=0 1 
SO 51 53 00 00 
51 51 52 00 00 
52 54 53 10 00 
53 54 53 00 00 
54 55 52 01 00 
55 55 56 00 00 
56 57 56 00 00 
57 55 56 01 00 


(b) Guidelines: 
Г. (0,1),(2,3),(4,5,7),(0,2,3),(1,4),(5,6,7) 
П. (1,3),(1,2),2х(3,4),(2,5),2х(5,6),(6,7) 
Ш. (0,1,3,5,6),(4,7) 


For state assignment: 
S0 = 000 51-100 52 = 001 53 = 101 
54-111 55-011 56 = 010 57-110 


Equations for NAND gate network: 
Ji = О -X'Qs Kı = ХОз + О» 
J= X Оз К» = ХО\Оз 
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J = ХО» + Х'О\О» K; = ХО\'О» 
2-Х"О/0:03 
Ф-Х ОЮ: 


For NOR gate network , use product of sums form: 
Л = (02+ Q3)X ' + О) Ki = (X + Q2)(Q2 + Оз) 
Ji = (Х + QX ' + Q(X + Q1) 


1.13 (а) 
0/00,1/10 


0/00,1/10 


Present Next State Output 
State | X20 1 Х-0 1 
50 51 51 00 10 
51 52 54 10 00 
52 53 53 00 10 
53 50 50 00 10 
54 53 55 10 00 
55 50 50 10 01 


(b) Guidelines: 
L (2,4)2x(3,5) 
П. (2,4),(3,5) 
Ш. (0,2,3),(1,4,5) 


For state assignment: 
50-000 51-010 52-001 53-101 54-011 S5=111 


Equations for NAND gate network: 
Di-2QviQs 

Р» = 0203 + ХО1О: 

Р» = Qi'Qs + О203 ог Q'Os + 010 
S =XQ)'+X'Q: 

V-2XQiQ» 


For NOR gate network , use product of sums form: 
S = (Х + О)(Х' + Q7) 

Әз- Q1'(Q2 + Оз')(Х + О) 

D3 = 01(0:% Оз) 
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1.14 (а) 


(b) 


0/11,1/00 


0/00,1/10 


Present Next State Output 
State | X20 1 Х-0 1 
50 51 51 00 10 
51 52 53 10 00 
52 54 55 10 00 
53 55 55 00 10 
54 50 50 11 00 
55 50 50 00 10 
Guidelines: 


Г. (4,5),2,3) 
II. (2,3),(4,5) 
Ш. (0,3,5),(1,2,4) 


For state assignment: 


50-000 51-100 52-101 53-001 54=111 55-011 


Equations for NAND gate network: 


Л = 03 К=Х+ 02 
Jo = Оз К =1 

ЉЗ = Qi Кз = Q2 

р -X'Qi + ХО Оз 

В -Х ОЮ: 


For NOR gate network, use product of sums form: 


D =(Х'+ QNX + ОГО! + Q3) 
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Present Next State Output 
State Х-0 1 
50 50 51 0 
51 50 52 0 
52 50 53 0 
53 54 53 1 
54 55 53 1 
55 50 53 1 
Present Next 
State State 
(020100) | (Q2*Qi*Qo") 
000 001 
001 010 
010 011 
011 100 
100 101 
101 000 
Љ = 0100 К = Qo 
Л = Q2'Qo Ki = Qo 
Љ= 1 Ко= 1 
Present Next 
State State 
(020100) | (001009 
001 010 
010 011 
011 100 
100 101 
101 110 
110 001 


D2 = 010% + Q20)' 
Di = 0200 + Qi'Qo 
Do = Qo 
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Оо о > 
Ш 
T mom 


E 
F 
G 
20200 
Va М AD 
A B С D E F G 
present next state output 
state X20 Х=1 Х-0 Х=1 
А В G 0 1 
В А р 1 1 
-_ —r бот 
р HG A 0 0 


1.19 (а) 


CLOCK | | | | | | | | | | | 


7 should be read just before the rising edge of the clock. 


(b) Worst case txor + tp + и € folk 
20ns + 1005 + 51$ < tek 
Íclk > 35 ns 
Clock Rate - 28.6 MHz 


However, the input X changes at the same time as the falling edge of the clock. Data is clocked 
into D flip-flop at the rising edge of the clock. Therefore, the time t between the falling edge and 
the rising edge of the clock should satisfy the gate delay of XOR and also the setup time 


tak > 2005 + 5ns 
tolk > 50ns 
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Clock Rate = 20 MHz 


For proper synchronous operation, both condition 1 and condition 2 should be satisfied. 
tak > 5005 is the limiting factor 
Therefore, Clock Rate - 20 MHz 
(c) Q1 should remain unchanged for 2ns (tn) after D2 is clocked 


QI will be constant for at least Sns (tpmin) after the rising clock edge 
tconstnat = th + delay = 2ns + delay 


Íconstnat = tpmin = 508 
delay = fpmin — fn = 3 ns 


1.20 (а) 


| 
Q1-D2 jv" іш | 
I«— t,—>| 


delay < fpmin — tn = 10-2 = 8 ns 


(b) fakZ fpmin + fou 15-4 = 19 ns. (worst case occurs when delay = 0) 


1.231 (a) 


(b) By definition of set up and hold time, D should be constant 10 ns (tsu) before, and 5 ns (№) after 
the clock edge. 


(c) External inputs should not change 18 ns before, and 1 ns after clock edge. 
ty = femax + Би = (4+4) + 10 = 18 
tx = th — fmin = 5 — (2+2) = 1 


11 
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1.22 (а) 


i м UN 


А М М 55 МХ КОХ 


45 50 


| 
20 40 60 80 100 


ns 


(b) Setup time = 20 ns -10 ns = 10 ns (due to change in X) 
Hold time = fpmin + fpi = 5 13+ 5 ns= 10 ns (due to change іп О) 


1.23 


1 + + + t b 
0 10 20 30 0 90 100 


Y _ (ОХООО | 


1.24 (а) Гак > Ísu + Ípmax + істах 
11025 + 12+4=21 ns 
telkmin = 21 ns 


(b) к= tn — femin = 3 — 1 = 2 ns. X can change as early as 2 ns after the clock edge. 


1.25 (a) 16 ns + 24 ns + 8 ns = 48 ns. (to satisfy setup time) (hold time is not a problem because it takes 
at least 12 + 2 = 14 ns from rising clock edge until D changes) 


(b) earliest time: to satisfy hold time, fn - їстї = 4 ns 2 ns = 2 ns 
latest time: to satisfy setup time, 8 ns + 16 ns = 24 ns before rising clock edge. 48 ns clock - 24 
ns — 24 ns after rising clock edge 
1.26 (a) The maximum delay path of this circuit starts at flip-flop 2 and ends at flip-flop 1: 


[мах = Lf (tymor + стих іш) = 1/(24ns+ l6ns-- 8ns) & 20.83 MHz 


(b) мах = 1/( Ертас + tomax—tstew + іш) = l/(24ms--16ns— 5ns--8ns) % 23.26 MHz 
(c) fmax = 1/(ртах + Естах Севр + іш) = 1/(24п= + 16п= + 5ns--Bns) я 18.87 MHz 
12 
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(4) 


(е) 


(f) 


1.27 (а) 


(b) 


(c) 


(d) 


(e) 


ty È Üh — Естіп = 495 — Ins = Ins 
Ey 2 Есхтах + Ёз 1685 + 8 ns = 24 ms 


X сап change 2 ns after and 24 ns before the rising clock edge. 


From part (d), X can change 2 ns after and 24 ns before the rising clock edge of flip-flop 
1. However, because the rising clock edge of flip-flop 2 is delayed 5 ns from the rising 
edge of flip-flop 1, then X can change -3 ns after and 29 ns before the rising clock edge 
of flip-flop 2. In other words, X cannot change between 29 and 3 ns before the rising 
clock edge of flip-flop 2. 


From part (d), X can change 2 ns after and 24 ns before the rising clock edge of flip-flop 
1. However, because the rising clock edge of flip-flop 2 is advanced 5 ns from the rising 
edge of flip-flop 1, then X can change 7 ns after and 19 ns before the rising clock edge of 
flip-flop 2. 


Consider following delays: 


input to first FF: fg, = 20ns 
left FF to middle FF: Comox t trimar + Ostet + Іш = 10ns+ Tns +0ns + 2015 = 37ns 


middle FF to right FF: tomar + teo0mux ” tans іш = 105+ Llins— Ons + 2015 = 41ns 


right FF to output: Ертах = 105 


The maximum of these is 41 ns. Therefore, the minimum clock period should be 41 ns. 


tom > Comex + Ёсїтпх + toy 
41 ns > 10ns+4ns+20=34 ns 


There is no setup time violation for the middle flip-flop. The setup time margin is 41 — 34 
= 7 ns. 


Comin + Termin > th 
5ns-- Ins < 1015 


There is a hold time violation for the middle flip-flop. 


For negative clock skew: 
Cstownin = Ëh — Tomi — тт = 1095 — 595 — Ins = 4ns 


To fix the hold time violation for the middle flip-flop, make tskewimin = 4 ns and 
keep tskew2min = 0 ns. 


The new worst-case delay of the path from the left flip-flop to the middle flip-flop is: 
Comox? Írimux # stews “іш = 10+ 415+ 4ns+20ms = 38ns 


However, this delay is still less than the 41 ns delay of the path from the middle flip-flop 
to the right flip-flop. Therefore, teikmin is still 41 ns. 
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1.28 (а) Consider following delays: 
input to first FF: fg, = 105 
left FF to middle FF: fymaxt teimar + fugi Toy = 205+ Tns + 0и5 + 1015 = 37ns 
middle FF to right FF: tomar Есту” Саке + toy = Ons + 11п5 — Зп + 10п = 38ns 
right FF to output: бртах = 20ms 

The maximum of these is 38 ns. Therefore, the minimum clock period should be 38 ns. 


(b) te 3 tomax + trimax + + бала + Ёш 
38 ns > 20n + 4ns + Ons + 10ns = 34 ns 
There is no setup time violation for the middle flip-flop. The setup time margin is 38 — 34 
=4ns. 


(c) tymin + rimin > th — tea 
12ns + Ins > 2ns — Ons 
There is no hold time violation for the middle flip-flop. The hold time margin is 13 - 2 = 
11 ns. 


(d) Because both setup and hold time requirements are met for the middle flip-flop, the clock 
skew delays in place are valid. 


(e) The worst-delay path is still from the middle flip-flop to the right flip-flop. Therefore, 
ісіктіп is still 38 ns. 


1.29 


130 (a) No 


(b) 


14 
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(с) 


D Qa 
CLK > 
EN 
1.31 (a) 
Counter Q 
LK 
c > CK1 
En 
(b) 
CLK 
En 
Ck1 
Counter 
State |0 2 


The clock input to the NAND gate in (a) is inverted. After the rising edge of the clock, this input 
to the NAND gate is a '0', so СКІ will remain a constant '1', regardless of any changes that may 
occur in the EN input of the gate due to transients. 


132 Епі-0 Епа-0 Enb=0 Епс= 1 Lda=1 Ldb=1 Ldc=0 
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2.1 


2.2 


2.3 


2.4 


2.5 


Chapter 2: Introduction to Verilog® 


(a) HDL - Hardware Description Language 


FPGA - Field Programmable Logic Array 


(b) Verilog has statements that execute concurrently since it must model real hardware in which the 


components are all in operation at the same time. 


(c) A hardware description language allows a digital system to be designed and debugged at a 


higher level of abstraction than schematic capture with gates, flip-flops, and standard MSI 
building blocks. The details of the gates and flip-flops do not need to be handled during early 
phases of design. Designs are more portable when low-level library-specific details are not 
included in the model. HDLs allow the creation of such portable high-level behavioral models. 


(a) Legal: А 123, 4123, сі c2, апа1; Illegal: 123A (starts with number), $A123 (starts 


with $), and (reserved word). 


(b) None of the Verilog identifiers are equivalent since Verilog is case sensitive. 


(a) 


(b) 


2ns 4п5 6ns 8п5 10п5 12ns 14ns 16ns 18ns 20п5 22ns 


module Gate(A, B, C, D, 2); 
input A, B, C, D; 
output 2; 


wire E, F, G, H, I; 


assign #45 Н= А & B& С; 
assign #5 Е =H | D; 
assign #5 С = ~ (В | C); 
assign #5 Е = “(С 6 A); 
assign #2 І = ~F; 
assign #5 Z = Е ^ I; 
endmodule 
(a) module one bit sub(x, y, bin, diff, bout); 


input x, y, bin; 
output diff, bout; 
assign diff ^ 
assign bout 
endmodule 


х у“ pru; 
(~x & bin) | (~x ау) | (bin & у); 


(b) module four bit sub(a, b, bin, d, bout); 
input[3:0] а, b; 
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2.6 


2.7 


2.8 


2.9 


input bin; 
output[3:0] а; 
output bout; 


wire[3:0] bo; 


one bit sub sl(a[0], b[0], bin, d[0], ро[1]); 

one bit sub 52 (а[1], Ю[1], bo[1], d[11, bo[2]); 

one bit sub s3(a[2], b[21, bo[2], d[2], bo[3]); 

one bit sub s4(a[3], БІЗІ, bo[3], d[3], bout); 
endmodule 


(a) module circuit(A, B, C, D, G); 
input A, B, C, D; 
output G; 


wire E, F; 


assign E =A & B; 

assign F = E | C; 

assign G =D & F; 
endmodule 


(b) module circuit(A, B, C, D, G); 
input A, B, C, D; 
output reg G; 


reg E, F; 


initial begin 


E <= 0; 

F <= 0; 

G <= 0; 
end 


begin 
Е <= A & В; 
Е <= Е | С; 
G <= F & D; 
епа 
endmodule 


(a) A changes to 1 at 25 ns, B changes to 1 at 25 ns, C change to 1 at 35 ns 
(b) A changes to 1 at 25 ns, B changes to 1 at 20 + A ns, C does not change 


(a) A falling-edge triggered D flip-flop with asynchronous active high clear and set 
(b) О = 0, because Clr = 1 has priority. 


module SR Latch(S, К, Q, Оп); 
input 5, Б; 
output reg О; 
output On; 


initial begin 
Q «2 0; 
end 
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always @(5, R) 


Бедіп 
if(S == 1151) 
О <= 1-51; 
if(R == 1151) 
О <= 150; 
епа 


assign Оп = «0; 
endmodule 


2.10 module MNFF(M, М, CLK, CLRn, 0, On); 
input M, N, CLK, CLRn; 
output reg О; 
output On; 


initial begin 
Q «2 0; 


end 


always @ (СТК, CLRn) 


begin 
if(CLRn == 1150) 
Бедіп 
0 <- 0; 
епа 
else if(CLK == 0) 
Бедіп 
if (M == 0 66 == 0) 
0 <- “О; 
else if(M == 0 66 М == 1) 
Q <= 1; 
е1зе 1Е(М == 1 && М -- 0) 
о <= 0; 
else if(M == 1 66 М == 1) 
о <= Q; 
епа 
епа 


assign Оп = ~Q; 
endmodule 


2.11 module DDFF(R, S, D, Clk, Q); 
input в, 5, D, Clk; 
output reg O; 


initial begin 
Q «2 0; 
end 


always @(Clk, R, S) 


begin 
if(R == 1'b0) 
о <= 0; 
else if(S == 1'bO) 
0 <= 1; 
е1зе 
о <= D; 
епа 
endmodule 
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2.12 (a) module ITFF(IO, I1, Т, В, О, ОМ); 
input 10, I1, Т, Б; 
output reg О; 
output ON; 


initial begin 
0 <- 0; 
епа 


always @(T, К) 


Бедіп 
if(R == 1151) 
#5 О <= 0; 
else begin 
if((10 == 1'bl && T == 1-51) || (11 == 1'51 && T == 1'50)) 
#8 0 <= ОМ; 
end 
end 


assign ОМ = ~Q; 
endmodule 


(b) add list * 
add wave * 
force T 0 0, 1 100 -repeat 200 
force І1 0 0, 1 50, 0 450 
force І0 0 0, 1 450 
run 750 ns 


2.13 
ns A a b c d e 
10 «0 |0 0 0.0 0 
20 «0 |0 0 0 0 1 
20 +1 |0 7 0 0 1] 
25 +0 |1 7 0 0 1 
35 +0 |5 7 0 0 | 

2.14 
ns A a b c d e 
10 «0 |0 0 0 0 0 
20 «0 |0 0 0 0 1 
20 +1 |0 7 0 0 1] 
25 +0 |1 7 0 0 1 
35 +0 15 7 0 0 | 


2.15 i. 5’b10101 
ii. 8'b11010101 
ii. 376100 


2.16 1. 4750000 
п. 87500001010 
ii. 7750000101 
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(b) 


(c) 


(d) 


(e) 


(4) 


(в) 


(h) 
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8'hO0D 


п. 8'hFD 


ii. 8'h50 


8'h50 
87100 


i. ӨҺЕр 
п. 87150 
. 87050 


А >> 4 ==2’h0C 
А >>> 4 == 2ҺЕС 
А <<4 == 870 
А <<< 4 == 8670 


А >> 4 ==2°’h0C 
А >>> 4 == 2ЋОС 
А <<4 == 8570 
А <<< 4 == 8670 


А>>4 --2%0С 
А>>>4--27%0С 
A<<4 --87170 
А <<< 4 == 870 


А>>4 == 8С 
А >>> 4 == 8'h0C 
А <<4 == 870 
А <<< 4 == 8h70 


А>>4 ==8’h0C 
A >>> 4 == 8’h0C 
A<<4 --87170 
А <<< 4 == 870 


А>>4 --8%0С 
А >>> 4 == 8’hFC 
А <<4 == 8570 
А <<< 4 == 8h70 


А>>4 == &ЋОС 
А >>> 4 == 8'ЪЕС 
А <<4 == 8570 
А <<< 4 == 870 


А >> 4 --32'h0FFFFFFC 
А >>> 4 == 32'hFFFFFFFC 
А <<4 zz32'hFFFFFC70 
А <<< 4 == 32°ҺЕЕЕЕЕС70 


87Һһ00 
8'h0D 


ii. 8'h50 


8'h50 
8'h0D 


21 


2.20 


2.21 


2.22 


2.23 


2.24 


2.25 


2.26 


2.27 


уі. 87100 


уп. 8h50 
viii. 87150 
i 8’hOD 
п. 8’hOD 
iii. 87150 
іу. 8'h50 
у. 8’hOD 
vi. 850) 
үй. 8'h50 
уш. 8'h50 


The synthesized hardware is а 4-bit shift register. 


The synthesized hardware is a single flip-flop. 


Both modules are synthesized to 4-bit shift registers. There are no differences between the two shift 
registers. 


(a) D1 = 5, D2 = 1. The values of D1 and D2 swap. 


(b) D1 =1, D2 = 1. The values of D1 and D2 do not swap. 


(c) iii 


a; y must be in the sensitivity list, otherwise sum and carry will not update from changes to y 


ns A a b c d e f 
0 :0/0000 0 о 
5 + |0 0 0 1 0 0 
5 +1}/1 0 0 1 0 0 
5 +2 1111100 
6 40111 1 0 0 0 
10 «0|1 1 1 O 1 0 
10 1|01 1 O 1 0 
10 +20 0 0 0 1 0 


5ns 10ns 15п5 20ns 25ns | 30ns 35ns 40п5 45ns 
28ns 
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2.28 


Sns 10п5 15ns 20п5 25п5 30п5 35ns 40п5 45ns 
4ns 9ns 


2.29 (a) 
ns |a b c 
0 1 0 0 
4 1 1 0 
5 1 1 1] 
101101 
15110 
20110 1 
25100 
30/1 1 0 
35 |] 1 1 
40110 1 
4510 0 

(b) 
ns |а b с 
0 1 0 0 
4 1 1 0 
5 1 1 1] 
10 |1 0 1 
15110 
20|1 0 1| 
251/11 0 0 
30/1 1 0 
35 |] 1 1 
40110 1 
4510 0 

(с) 
ns |а b с 
0 1 0 0 
4 1 1 0 
9 1 1 1] 
10 |1 0 1 
15110 
20|1 0 1 
25100 
30/1 1 0 
35 |] 1 1 
40110 1 
4510 0 
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(4) 


ns |a b с 
0 1 0 0 
4 1 10 
10|1 0 0 
15 |1 10 
20|1 0 1 
25100 
30.1 1 0 
35 | 1 1 1 
40110 1 
4510 0 
2.30 
10ns 3ns 5ns | 
М | | 10п5 | | | | 
| | 2ns ! 
! | | 10ns 
| 10ns | 
| i | 10ns | 
| 10ns | 
Е Гхххххх | 10ns | | 10ns 
0 10 20 30 40 50 
2.31 
10п5 | 3ns 5ns | 
Y 10ns 
| | 2ns ! 
! | ЕТ” 5ns 
- 8ns I р 
| i | 2ns 
| | | 10п5 | 10ns 
| 8ns | i | 
ЕГххххх] tom | w | | 
| i | i 2п5 
0 10 20 30 40 50 
2.32 
ns A |a b c d 
4 40100 0 0 
5 40110 0 0 
10 «0|1 1 0 0 
10 +110 1 0 0 
11 +010 1 0 1 
12 +010 1 1 1 
15 +10 0 1 1 
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2.33 (а) 671111011 
(b) 375001 
(с) 375001 
(d) 1750 
(e) зып 


2.34 (а) 


т су WD > 


Clk 


(b) 
A 
B 
С 
А, 
в 
2.35 
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2.36 


Сіг 
Clr is asynchronous, whereas C affects a synchronous input to the D flip-flop. 


2.37 (а) assign #10 Е = (C == 0)? ((D==0)? ~A: B):((D==0)? ~B: 0); 


(b always @(*) 
begin 

if (С==0 && D==0) 
#10 F = ~A; 

else if(C==0 && D==1) 
#10 Е = B; 

else if(C==1 && D==0) 
#10 F = ~B; 


else 
#10 Е = 0; 
end 
(c) always @(*) 
begin 
case (sel) 
O: #10 F = ~A; 
1: #10 Е = B; 
2: #10 F = ~B; 
3: #10 F = 0; 
endcase 
end 


2.38 (a) module 1: 
always @(C, Bl, B2, B3) 


begin 
if (C == 1) 
А <= B1; 
е1зе 1Е (С == 2) 
А <= B2; 
еізе 1Ё (С == 3) 
А <= B3; 
е1зе 
А <= 0; 
епа 
module 2: 


assign А = (C==1)? B1: ((C==2)? B2 : ((C==3)? B3 : 0 )); 
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(b) 


B1 
B2 A 
B3 
0 C1 
C2 
C3 
2.39 (a) module SR Latch(S, R, P, Q); 


input 5, Б; 
output P, О; 


assign Q = (S)? 1: ((R)? 0: Q); 
assign P = ~0; 
endmodule 


S | (~R & Q); 
~Q; 


(b) assign Q 
assign P 


~(R | P); 
~(S | 0); 


(c) assign Q 
assign P 


2.40 i. 8'b00010100 
ii. 8'b00010100 
ii. 8'b11111100 
iv. 8'b11111100 
v. 8'b00010100 
vi. 8'b00010100 


241 1. 32 hFFFFFF5B 
п. 32'hFFFFFF5B 
iii. 32'h0000015B 
iv. 32'h0000015B 
v. 32'h0000005B 
vi. 32'h0000005B 


2.42 (a) 


GTout GTin 


A » B out A » B.IN 


" 
Ао е! Om. S ASBIN 


Comparator 


A « B out out А A « B.IN 
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(b) 


(c) 


(d) 


А>В 
А-В 4- Bit 


Comparator 


A«B 


module comp4bit(A, B, 
input[3:0] A, B; 


input ЕСіп, GTin, LTin; 
output reg EOQout, GTout, 


initial begi 
EQout - 0; 
GTout - 0; 


т 


LTout = 0; 


always Q(A, B, EQin, 
begin 

if(A » B) begin 
EQout <- 0; 
GTout <- 1; 
LTout <- 0; 
end 


LTout; 


GTin, LTin) 


else if(A < B) begin 


<- 0; 
- 0; 
<- 1; 


EQou 
GTou 


ct octo d 
^ 
[ 


else if(GTin -- 1) begin 


EQout <= 0; 
<- 0; 


аз 
S 
е 

ct ct ¢ 
A 
І 


else if(LTin == 1) begin 


<- 0; 


a 

E 

е 
toad 

A 

| 

[e] 


<- 1; 


<- 1; 
<- 0; 
<- 0; 


епа 
endmodule 


module comp8bit(A, B, 
input[7:0] A, B; 
input EOi, GTi, LTi; 
output EO, GT, LT; 


wire LowEQ, LowGT, LowLT; 


comp4bit C1(A[3:0], 
comp4bit C2(A[7:4], 
endmodule 


EQin, GTin, LTin, EQout, GTout, 


LowG] 


= 


LTout); 


B[3:0], EQi, GTi, LTi, LowEQ, 
B[7:4], LowEQ, LowGT, LowLT, 


ЕО, 


28 


ri 


G1 
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2.43 module shift reg(SI, ЕМ, СК, SO); 
input SI, EN, CK; 
output 50; 
reg[15:0] register; 


initial begin 
register <- 0; 
епа 


always 8 (posedge СК) 


begin 
if(EN -- 1) 
register <= (SI, register[15:1]}; 
end 


assign SO = register[0]; 
endmodule 


2.44 (a) module shift74194(D, S, SDR, SDL, CLRb, CLK, Q); 
input[3:0] р; 
input[1:0] 5; 
input SDR, SDL, CLRb, CLK; 
output reg [3:0] 0; 


initial begin 
Q <= 0; 
end 


always @(CLK, CLRb) 
begin 
if(CLRb == 0) 
Q <= 4'00000; 
else if (CLK == 1) 
begin 
case (S) 
0: 0 <- О; 
1: Q <= {Q[2:0],SDL}; 
2: О <= (SDR, Q[3:1]}; 
3: 0 <= D; 
епасазе 
епа 
епа 
endmodule 


(b) 


SDR 


74194 
ShiftO 


51 
50 
СІК 
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module bit8shift(X, S, RSD, LSD, CLRb, CLK, Y); 
input[7:0] X; 
input[1:0] 5; 
input RSD, LSD, CLRb, CLK; 
output[7:0] Y; 


shift74194 S1(X[3:0], S, Y[4], LSD, CLRb, CLK, Y[3:0]); 
shift74194 S2(X[7:4], S, RSD, Y[3], CLRb, СІК, Y[7:4]); 
endmodule 


2.45 (a) module Counter(D, CLK, CLR, ENT, ENP, UP, LOAD, Q, CO); 
input[3:0] р; 
input CLK, CLR, ENT, ENP, UP, LOAD; 
output reg[3:0] O; 


output CO; 
initial begin 
Q = 0; 
end 
assign CO = ((ENT == 1) && ((UP == 1 && (Q == 4'b1001)) || 


(UP == 0 && (О == 4'b0000)))); 


always @(CLK, CLR) 


begin 
if(CLR == 0) 
Q <= 0; 
else if (CLK == 1) 
begin 
if(LOAD == 0) 
Q <= D; 
else if(ENT == 1 && ENP == 1 && UP == 0) begin 
if(Q == 0) 
О <= 4'b1001; 
е1зе 
о <= 0-1; 
епа 
else if(ENT == 1 && ENP == 1 && ОР == 1) begin 
if (Q == 4'b1001) 
о <= 0; 
е1зе 
Q <= Q+ 1; 
end 
end 
end 
endmodule 
(b) module Century Counter(Dinl, Din2, CLK, CLR, ENT, ENP, UP, LOAD, 


Count, CO); 
input [3:0] 2101, Din2; 
input CLK, CLR, ENT, ENP, UP, LOAD; 
output [7:0] Count; 
output CO; 


wire [3:0] Qoutl, Qout2; 
wire Carryl, Carry2; 


Counter ctl(Dinl, CLK, CLR, ENT, ENP, UP, LOAD, Qoutl, Carryl); 
Counter ct2(Din2, CLK, CLR, ENT, Carryl, UP, LOAD, Qout2, 
Carry2); 
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assign Count = {Qout2, Qoutl}; 
assign CO - Carry2; 
endmodule 


The block diagram is similar to Figure 2-45 with an "Up" input added to each counter. 


(c) add wave * 
force Din2 4'b1001 
force Dinl 4151000 
force CLK 0 0 ns, 1 50 ns -repeat 100 ns 
force CLR 10 ns, 0 1000 ns 
force LOAD 0 0 ns, 1 100 ns 
force ENT 1 0 ns, 0 400 ns, 1 600 ns 
force ENP 1 
force UP 10 ns, 0 500 ns 
run 1200 ns 


2.46 Students should look on the web for 74HC192 data sheet. CLR is active high. LOADB is active 
low. Counting up happens when UP has a rising edge and DOWN=!1. Counting down happens 
when DOWN has a rising edge and UP=1. CARRY indicates terminal count in the up direction , 
ie. 9. BORROW indicates terminal count in the down direction, i.e. 0. 


Operating Mode | CLR LOADB ОР DOWN D | Q Borow Carry 
Clear 1 X X 0 XXXX 0000 0 1 

1 X X 1 XXXX 0000 1 1 
Load 0 0 X X XXXX | Q-D 1* 1* 
Count Up 0 1 1 1 XXXX | Q=Q+1 1 per 
Count Down 0 1 1 1 XXXX | Q-Q-1 pes 1 


ж when loading, if the input is 0 and down = 0, borrow will be 0. If the input is 9 and up = 0, carry 
will be 0 

жж Borrow = 0 when the counter is in state 0 and down = 0. Carry = 0 when the counter is in state 9 
and up = 0. 


module count74HC192(DOWN, UP, CLR, LOADB, BORROW, CARRY, D, Q); 
input DOWN, UP, CLR, LOADB; 
input[3:0] D; 
output BORROW, CARRY; 
output reg[3:0] 0; 


initial begin 
0-0; 
епа 


always @(РОММ, UP, CLR, LOADB) 
begin 
if(CLR == 1) 
Q «2 0; 
else if(LOADB == 0) 
о <= D; 
else if(DOWN == 1) begin 
8 (роѕейде UP) 
if(Q == 4'b1001) 


Q <= 0; 
else 
Q <= 0 +1; 
епа 
else if(UP == 1) begin 


8 (posedge DOWN) 
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if(Q == 0) 
Q <= 4'b1001; 


else 
Q<=Q- 1; 
end 
end 
assign BORROW = (DOWN == 0 && Q == 0)? 0: 1; 
assign CARRY = (UP == 0 && Q == 4'b1001)? 0: 1; 
endmodule 
2.47 (a) module shift8(Q, D, CLR, CLK, SO, 51, LSI, RSI); 
input[7:0] р; 
output reg[7:0] 0; 
input CLR, CLK, 50, 51, LSI, RSI; 
initial begin 
Q= 0; 
end 
always @(CLK, CLR) 
begin 
if (CLR == 1) 
Q <= 0; 
else if(CLK == 1) begin 
if(SO == 1 && S1 ==1) 
Q <= D; 
else 1Ғ(50 == 0 && 51 == 1) 
О <= (RSI, 0[7:1]}; 
else 1Ғ(50 == 1 && 51 == 0) 
Q <= {Q[6:0], LSI}; 
else 
о <= Q; 
епа 
епа 
endmodule 
(b) 
R 
L 
CLK2 
CLR2 
Note: D is not shown in the diagram. 
(c) module shiftreg(QQ, DD, CLK2, CLR2, L, В); 


input[15:0] DD; 
input СІК2, CLR2, 1, В; 
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output[15:0] 00; 


shift8 581 (00[15:8], DD[15:8], CLR2, CLK2, L, В, 00[7], QQ[0]); 
shift8 582 (00[7:0], DD[7:0], CLR2, CLK2, L, В, QQ[15], 00181); 
endmodule 


2.48 module countQl(clk, Ld8, Enable, S5, Q); 
input clk, Ld8, Enable; 
output 55; 
output[3:0] O; 


reg[3:0] Qint; 
initial begin 

Qint = 0; 
end 


always 8 (posedge clk) 


begin 
if(Ld8 -- 1) 
Qint <= 4'b1000; 
else if(Enable -- 1) 
begin 


if(Qint == 4'b0011) 
Qint <= 4'b1000; 
else 
Оіпі <= Qint - 1; 
end 
end 


assign 55 = (Qint == 4'b0101)? 1: 0; 
assign О = Qint; 
endmodule 


2.49 (a) module up down(CLK, CLR, LD, UP, D, О); 
input CLK, CLR, LD, UP; 
input[3:0] D; 
output reg[3:0] 0; 


initial begin 
0-0; 
епа 


always (8 (negedge СІК) 


begin 
if(CLR == 1) 
Q <= 4'00000; 
else if(LD == 1) 
о <= D; 
else if(UP == 1) 
Q <= 0 +1; 
е1зе 
о <= 0 - 1; 
епа 
endmodule 
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(b) 


Counter 


(c) module modulo6(CLK, Reset, CNT, Q); 
input CLK, Reset, CNT; 
output[3:0] 0; 
wire load, clock; 


assign load = Reset | (-0[0] & O[1] & 0121 & ~Q[3]); 
assign clock - CLK & CNT; 


up down Ul(clock, 1'b0, load, 1'51, 4"50001, Q); 


endmodule 
2.50 (a) 
X Z1 
CLK Z2 
(b) 
Next State X20 Х=1 
Present | Х-0 Х=1 | Zl Z2 71 Z2 
State 
SO SO Sl 1 0 0 0 
51 51 52 0 1 0 1 
52 52 53 0 1 0 1 
53 50 51 0 0 1 0 


2.51 The following solutions utilize the solution for 1.13. 
(a) module P2 51a(X, СІК, S, V); 
input X, CLK; 
output 5, V; 


reg [2:0] StateTableO [5:0]; 
reg [2:0] StateTablel [5:0]; 
reg [1:0] OutTableO [5:0]; 
reg [1:0] OutTablel [5:0]; 


reg [2:0] State; 
wire [2:0] NextState; 
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initial begin 


StateTableO[0] <= 1; StateTable1[0] <= 1; 
StateTableO[1] <= 2; StateTablel[1] <= 4; 
StateTable0[2] <= 3; StateTablel[2] <= 3; 
StateTable0[3] <= 0; StateTable1[3] <= 0; 
StateTable0[4] <= 3; StateTablel[4] <= 5; 
StateTableO0[5] <= 0; StateTablel[5] <= 0; 


OutTableO[0] <= 2'500; OutTabl 
OutTableO[1] <= 2'b10; OutTabl 
OutTableO[2] <= 2'b00; OutTabl 
OutTableO[3] <= 2'b00; OutTabl 
OutTableO[4] <= 2'b10; OutTabl 
OutTableO[5] <= 2'b10; OutTabl 
State <- 0; 
епа 


L[0] <= 2'b10; 
L[1] <= 2'500; 
L[2] <= 2'b10; 
L[3] <= 2'b10; 
L[4] <= 2'500; 
L[5] <= 2'501; 


000000000000 


assign NextState = (X==0)? StateTableO[State] 
StateTablel[State]; 

assign S = (Х==0)? OutTableO[State][1] : OutTablel[State][1]: 

assign V = (Х==0)? OutTableO[State][0] : OutTablel[State] [0]; 


always @(negedge CLK) 
begin 
State <= NextState; 
end 
endmodule 


example simulation commands: 

add wave * 

force CLK 1 0 ns, 0 10 ns -repeat 20 ns 

force X 1 0 ns, 0 15.ns, 1 35 ns, 0 75 ns, 1 95.ns, 0 175 ns 
run 240 ns 


(b) module P2 51b(X, CLK, S, V); 
input X, CLK; 
output 5, V; 
reg 01, 02, 03; 


initial begin 


Ql <= 0; 

Q2 <= 0; 

03 <= 0; 
end 


always @(negedge CLK) 

begin 
Ql <= (“01 & 03); 
02 <= (“02 в ~03) | (X & “01 & O2); 
Q3 <= (“01 в O3) | (02 & +03); 

епа 


assign 5 (X в ~02) | (~X в 02); 
assign V = (X & 01 & O2); 
endmodule 


Read each set of outputs after 1/4 clock period before the falling edge of the clock but no 
later than the falling edge of the clock. 
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(с) module P2 51c(X, CLK, S, V); 
input X, СІК; 
output 5, V; 


wire O1, 02, O3; 

wire XN, 01М, 02М, ОЗМ; 
wire D1, D2, D3; 

wire А1, А2, A3, А4, А5, А6; 


Inverter І1(Х, XN); 

And2 С1(01М, Q3, D1); 

And2 G2(Q2N, Q3N, A1); 

And3 G3(X, 01М, 02, A2); 

Or2 GA(A1, A2, D2); 

And2 G5(Q1N, 03, АЗ); 

And2 G6(02, ОЗМ, A4); 

Or2 G7(A3, А4, D3); 

Апа2 G8(X, Q2N, А5); 

And2 G9(XN, Q2, A6); 

Or2 G10(A5, A6, S); 

Апаз G11(X, 01, Q2, V); 

DFF ОЕЕ! (21, CLK, Q1, Q1N); 

DFF DFF2(D2, CLK, Q2, Q2N); 

DFF DFF3(D3, CLK, Q3, Q3N); 
endmodule 


See Section 2.15 for the definition of the DFF component. The And3, And2, Or2, and 


Inverter components are all similar to the Nand3 component given on pages 109-110 
(section 2.15). 


2.52 The following solutions utilize the solution for 1.14. 
(a) module P2 52a(X, CLK, D, B); 
input X, CLK; 
output reg D, B; 
reg[2:0] State, NextState; 


initial begin 
State <- 0; 


NextState <- 0; 
end 


always @ (State, X) 


begin 
case (State) 
0:begin 
if(X == 0) 
begin 
D <- 0; 
В <- 0; 
NextState <= 1; 
епа 
еізе Бедіп 
р <= 1; 
В <= 0; 
NextState <= 1; 
епа 
епа 
1:begin 
if (X == 0) 
Бедіп 
D <= 1; 
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В <- 0; 
NextState <= 2; 


end 
else begin 
D <= 0; 
В <= 0; 
NextState <= 3; 
end 
end 
2: begin 
if(X == 0) 
Бедіп 
р <= 1; 
В <= 0; 
extState <= 4; 
end 
else begin 
D <- 0; 
В <- 0; 
extState <= 5; 
end 
end 
3: begin 
if(X == 0) 
begin 
D <- 0; 
В <- 0; 
extState <= 5; 
end 
else begin 
D <= 1; 
В <= 0; 
NextState <= 5; 
end 
end 
4: begin 
if (X == 0) 
Бедіп 
р <= 1; 
В <= 1; 
extState <= 0; 
end 
else begin 
D <- 0; 
В <- 0; 
NextState <= 0; 
end 
end 
5: begin 
if (X == 0) 
begin 
D <= 0; 
B <= 0; 
NextState <= 0; 
end 
else begin 
р <= 1; 
В <= 0; 
NextState <= 0; 
end 
end 
endcase 
end 
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always (8 (negedge СІК) 
begin 
State <- NextState; 
end 
endmodule 


example simulation commands: 

add wave * 

force CLK 1 0 ns, 0 10 ns -repeat 20 ns 

force X 10ns, 015ns, 1 35 ns, 0 75 ns, 1 95 ns, 0 175 ns 
run 240 ns 


(b) module P2 52b(X, СІК, D, B); 
input X, CLK; 
output D, B; 
reg 01, 02, 03; 


initial begin 


01 «2 0; 

Q2 «2 0; 

Q3 «2 0; 
end 


always (8 (negedge СІК) 

begin 
01 <= (“01 & ~03) | (~X & Ol & ~02); 
02 <= (“02 & 03); 
03 <= «02 & (03 | O1); 

епа 


assign D (“Х в 01) | (X & “01 & 03); 
assign В = «X & 01 & Q2; 
endmodule 


Read each set of outputs after 3/4 clock period before the falling edge of the clock but no 
later than the falling edge of the clock. 


(c) module PC 52c(X, CLK, D, B); 
input X, CLK; 
output D, B; 
wire A1, A2, A3; 
wire 01, 02, 03; 
wire ОІМ, 02М, ОЗМ, XN, One; 
parameter I - 1; 


Inverter І1(Х, XN); 
Nand2 61 (ХМ, Q2N, Al); 
JKFF FF1(I, I, ОЗМ, Al, CLK, 01, Q1N); 
JKFF FF2(I, I, Q3, I, CLK, Q2, Q2N); 
JKFF FF3(I, I, Q1, Q2, CLK, Q3, Q3N); 
Nand2 G2(XN, 01, A2); 
Nand3 G3(X, 01М, 03, A3); 
Nand2 G4(A2, АЗ, D); 
And3 G5(XN, O1, Q2, B); 

endmodule 


The Nand2, And3, and Inverter components are similar to the Nand3 component in Section 
2.15. The JKFF component is similar to the DFF component in Section 2.15. 
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2.53 module moore mach(X1, X2, Clk, 2); 
input X1, X2; 
input Clk; 
output 2; 


reg[1:0] state; 
initial begin 
state <- 1; 


end 


always (8 (negedge СІК) 


begin 
case (state) 
1: begin 
1Ғ((Х1 ^ X2) == 1)begin 
#10 state <- 2; 
end 
end 
2: begin 
if(X2 == l)begin 
#10 state <= 1; 
end 
end 
default: begin 
end 
endcase 
end 


assign #10 Z = state[1]; 
endmodule 


2.54 module P 54(x1, x2, сік, 21, 22); 
input x1, x2, clk; 
output 21, z2; 


reg[1:0] state, next state; 


initial begin 
state <- 1; 
next state <= 1; 
епа 


always @(state, xl, x2) 
begin 
case (state) 
1: begin 
if((x1,x2) == 2'b00) 
#10 next state <= 3; 


else if({x1,x2} == 27501) 
#10 next state <= 2; 
else 
#10 next state <= 1; 
end 
2: begin 


if((x1,x2) == 2'b00) 
#10 next state <= 2; 


else if({x1,x2} == 2'b01) 
#10 next state <= 1; 
else 


#10 next state <= 3; 
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епа 
3: Бедіп 
1Е((х1,х2) == 2'b00) 
#10 next state <= 1; 


else if((x1,x2) == 2'b01) 
#10 next state <= 2; 
else 
#10 next state <= 3; 
end 
endcase 


end 


always (8 (педейде clk) 


begin 
#5 state <= next state; 
end 
assign #10 21 = (state == 2)? 1: 0; 
assign #10 z2 = (state == 3)? 1: 0; 


endmodule 


2.55 (a) nextstate is not always assigned a new value in the conditional statements, i.e. else clauses are 
not specified. Therefore, a latch will be created to hold nextstate to its old value. 


(b) The latch output would have the most recent value of nextstate. 


(c) always @(state, X) 
begin 
case (state) 
0: begin 
if(X == 1) 
nextstate <- 1; 
else 
nextstate <- 0; 
епа 
1: Бедіп 
if(X == 0) 
nextstate <= 2; 
else 
nextstate <- 1; 
end 
2: begin 
if(X -- 1) 
nextstate <- 0; 
е1зе 
nextstate <= 2; 
end 
endcase 
end 


(d) Yes, unconditionally set nextstate to a default value at the beginning of the always block 


2.56 Тһе nonblocking assignments must be changed to blocking assignments. Otherwise se/ will not 
update for current use. se/ updates only at the end of the process so the case statement will get the 
wrong value. 
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2.57 


ns А А В р 
0 +0 0 0 0 
5 +0 1 0 0 
15 +0 1 0 1 
15 + 1 1 1 
25 +0 1 1 0 
25 + 1 0 0 
35 +0 1 0 1 
35 +l 1 1 1 
40 +0 0 1 1 


2.58 Rising-edge triggered toggle flip-flop (T-flip-flop), with asynchronous active-high clear signal 


2.59 (a) module ROMA 3(ROMin, ROMout); 
input[3:0] ROMin; 
output[2:0] ROMout; 
reg[2:0] ROM16X3 [15:0]; 


initial begin 


ROM16X3[0] <= 3"5000; 
ROM16X3[1] <= 3'0001; 
ROM16X3[2] <= 3'0001; 
ROM16X3[3] <= 3'b010; 
ROM16X3[4] <= 3'0001; 
ROM16X3[5] <= 3'b010; 
ROM16X3[6] <= 3"5010; 
ROM16X3[7] <= 3'5011; 
ROM16X3[8] <= 3"5001; 
ROM16X3[9] <= 3'b010; 
ROM16X3[10] <= 3'b010; 
ROM16X3[11] <= 3'b011; 
ROM16X3[12] <= 3'b010; 
ROM16X3[13] <= 3'b011; 
ROM16X3[14] <= 3'b011; 
ROM16X3[15] <= 3'b100; 


end 


assign ROMout = ROM16X3[ROMin] ; 
endmodule 


(b) module P 59(A, count); 
input[11:0] A; 
output[3:0] count; 


wire[2:0] B,C,D; 

ROMA 3 R1(A[11:8], B); 
ROMA 3 R2(A[7:4], C); 
ROMA 3 R3(A[3:0], D); 


assign count = (1'b0, B} + C + D; 
endmodule 


41 


© 2016 Cengage Learning. АП Rights Reserved. Мау not be scanned, copied or duplicated, or posted to а publicly accessible website, in whole or in part. 


(с) 
А [Count |D C B 
111111111111 1100 100 100 100 


010110101101 


100001011100 010 010 001 
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module decoder(A, В, 
input A,B,C; 
output[7:0] Y; 
wire[2:0] index; 
reg[7:0] ROM[0:7]; 


Q 
K 
МЈ 


initial begin 
ROM[0] «2 8"500000001; 
ROM[1] <= 8"500000010; 
ROM[2] <= 8'b00000100; 
ROM[3] <= 8'b00001000; 
ROM[4] <= 8'b00010000; 
ROM[5] <= 8"500100000; 
ROM[6] <= 8'b01000000; 
ROM[7] <= 8'b10000000; 


assign index = {A,B,C}; 
assign Y = ROM[index]; 
endmodule 


2.61 (a) always 
begin 
МАХ = А[0]; 
for (i = 0; і < 20; i = і + 1) begin 
if(A[i] > MAX) 
МАХ = A[i]; 
епа 
епа 


(b) always 
begin 
MAX = A[0]; 
i= 1; 
while (i < 20) begin 
if(A[i] > MAX) 
МАХ = A[i]; 
іші +1; 
епа 
епа 
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2.62 module tester; 
reg CLK; 
reg [0:11] X; 
reg [0:11] z; 


initial begin 
X = 12'b011011011100; 
Z = 12'b100110110110; 
CLK = 1; 

end 


reg Xin; 
wire Zout; 
integer i; 


always 
#50 CLK = ~CLK; 


Mealy М1 (Xin, CLK, Zout); 


always 
begin 
for(i = 0; i < 12; i= i + 1) begin 
@(posedge CLK) 
#10 Xin = X[i]; 
#80 // wait to read output 
if( Zout != Z[i]) begin 
Sdisplay ("Error"); 
Sstop; 
end 
end 
Sdisplay("sequence correct"); 
Sstop; 
end 
endmodule 


2.63 module TestExcess3; 
reg[3:0] XA[1:10]; 
reg[3:0] ZA[1:10]; 
reg X, CLK; 
wire 7; 
integer i; 
integer j; 


initial begin 


X20; 

CLK = 0; 

XA[1] = 4'50000; 
XA[2] = 4'b0001; 
XA[3] = 4'b0010; 
XA[4] = 4'b0011; 
XA[5] = 4'b0100; 
XA[6] = 4'00101; 
XA[7] = 4'b0110; 
XA[8] = 4'00111; 
XA[9] = 4'b1000; 
ХА[10] = 4151001; 
2А[1] = 450011; 
ZA[2] = 4150100; 
ZA[3] = 4'b0101; 
2А[4] = 4'b0110; 
ZA[5] = 4'00111; 
ZA[6] = 4'b1000; 
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2А[7] = 4'b1001; 
ZA[8] = 451010; 
2А[9] = 4'b1011; 
ZA[10] = 4'b1100; 
end 
always 


#50 CLK <= ~CLK; 
Code Converter С1(Х, CLK, 2); 


always 
begin 
for(i = 1; i <= 10; i = i + 1) 
begin 
for(j= 0; j <= 3; j = j + 1) 
begin 
X = ХА[1][0]; 
@ (розеаде СІК); 
#(25); 
if(ZA[i][j] != 2) begin 
$display("sequence incorrect"); 
$stop; 
end 
end 
end 
$display("all sequences correct"); 
$stop; 
end 
endmodule 
2.64 module testbench; 
wire 55; 
reg clk, Ld8, Enable; 
wire[3:0] O; 


initial begin 


clk = 1; 
Ld8 = 1; 
Enable - 0; 
#100 

Та8 = 0; 
Enable = 1; 


#500 Enable = 

#200 Enable = 1; 

#1000 Enable = 0; 
епа 


І 
© 
5% 


always 
#50 сік <= есік; 


always @ (posedge 55) 
Sdisplay ($time); 


countQl Cl(clk, Ld8, Enable, 55, О); 
endmodule 


2.65 module testSMQ1 (correct); 
output reg correct; 
reg clk, X; 
integer i; 
wire 7; 
reg[1:5] answer; 
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initial begin 
answer[1] = 
answer[2] = 
answer [3] 
answer [4] 
answer[5] = 
сік = 0; 
Х = 1; 
#100 X = 
#200 X = 

end 


ШЕ! 
вон =: 
44 Xa. Na E 


EM 


1 
ко 
ә. 


always 
#50 сік <= есік; 


5М01 S1(X, сік, 2); 


always 
begin 
for(i = 1; і <= 5; i = i + 1) 
begin 
@ (розеаде clk); 
correct = (answer[i] == 2); 
if(correct т- 0) 
$display ($time); 
#10; 
end 
Sstop; 
end 
endmodule 
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Chapter 3: Introduction to Programmable Logic Devices 


3.1 (a) 27 x9 
(b) 25x 7 
(с) 26х1 
(а) 2% x33 
(e) 22 x8 
(f 29x32 
(в) 27x32 
(h) 29 х 17 
(i) 2х4 
(j) 29х5 
(k) 2! x1 


Note: Cases i and j consider 1 output line to indicate output valid/invalid. Remember mux select 
lines for (k). 


3.2 module FG(A, В, C, Е, G); 
input A, B, C; 
output F, G; 


reg [0:1] ROM8 2 [0:7]; 

initial begin 
ROM8 2[0] = 2'b11; 
ROM8 2[1] - 2'b11; 
ROM8 2[2] = 2'b10; 
ROM8 2[3] = 2'000; 
ROM8 2[4] = 2'001; 
ROM8 2[5] = 2'001; 
ROM8 2[6] = 2'b10; 
ROM8 2[7] = 2'001; 


wire [0:1] romout; 
wire [0:1] index; 


assign index - (A, B, С); 

assign romout - КОМ8 2[index]; 

assign F - romout[0]; 

assign G - romout[1]; 
endmodule 


33 (a) 
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(b) module ROMQ3(X, Clk, 2); 
input X, Clk; 
output reg 2; 


reg [1:0] 0, Oplus; 
reg [2:0] FSM ROM [0:7]; 
reg [2:0] ROMValue; 
reg [2:0] index; 
initial begin 
О = 1'50; 
Qplus = 1'50; 
Е5М ROM[0] = 3"5000; 
Е5М ROM[1] = 3'b011; 
FSM ROM[2] = 3'0101; 
FSM ROM[3] = 3'b110; 
FSM ROM[4] = 3'b011; 
FSM ROM[5] = 3'b110; 
FSM ROM[6] = 3'b110; 
FSM ROM[7] = 3'b101; 
end 


always @(Q, X) 
begin 
index = (0, X}; 
ROMValue = FSM ROM[index]; 
Qplus - ROMValue[2:1]; 
Z = ROMValue[0]; 
end 


always (8 (negedge Clk) 
begin 
Q <- Oplus; 
end 
endmodule 


(a) 
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(b) module ROMQ4(X, Clk, Z); 
input X, Clk; 
output reg 2; 


reg [1:2] 0, Oplus; 
reg [2:0] FSM ROM [0:7]; 
reg [2:0] ROMValue; 
reg [1:3] index; 
initial begin 
О = 2'500; 
Qplus = 2'500; 
FSM ROM[0] = 3"5010; 
FSM ROM[1] - 3'b101; 
FSM ROM[2] = 3'b101; 
FSM ROM[3] = 3'b001; 
Е5М ROM[4] = 3'b001; 
FSM ROM[5] = 3"5010; 
FSM ROM[6] = 3'b000; 
FSM ROM[7] - 3'b000; 
end 


always @(Q, X) 

begin 
index = 10, X}; 
ROMValue = FSM ROM[index]; 
#10 Qplus = ROMValue[2:1]; 
#10 2 = ROMValue[0]; 

end 


always (8 (negedge Clk) 
begin 

#15 О <= Qplus; 
end 


endmodule 


(a) 
CD 00 01 11 10 
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f = A'CD + ACD + A'BCD' 
g = АВС 'D' + AC 'D + A'CD + (B'C 'D or A'B'D) 
h = ABC 'D' + A'BCD' + AD' + ACD 


Product Inputs Outputs 
Term A B C D f g h 
A'CD 0 - 1 1 1 1 0 
АСР 1 - 1 1 1 0 1 

A'BCD' |0 1 1 0 1 0 1 

A'BC'D'| O 1 0.0140 1 1 
AC'D 1 - O0 | 0 1 0 
B'C'D - 0 0 | 0 1 0 

AD' 1 - - 0|0 0 1 


(а) 
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Product Inputs Outputs 
Term A B C D|fi b f 
вст | - 0 0 0 1 оо 
АВС Ф© |1 1 0 1 1 1 1 
АВ'Р 1 0 - 1 1 0 0 
A'CD 0 - 1 1 1 1 0 
A'CD' 0 - 1 0 1 0 1 
АВС" 1 0 0 - 0 1 0 
ст» - - 0000 1 
Product 
Term A B C D|fi hk 
A'BCD' |0 1 0 0 1 1 
АСТ 1 - O0 1 1 1 
CD - - 1 1 1 0 
АП" 1 - - 0 |0 1 


Product Inputs Outputs 
Term A B C D|X У Z 
AB'D 1 0 - 1 1 0 1 
АС" 0 - 0 - 1 1 1 

ВС - 1 1 - 1 оо 

ст - - 0 0 1 1 0 

АС 1 - 1 - 0 1 0 

CD - - ] 1 оо 1 
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(b) 


Inputs 
A B C D 
=== [ E * | 
+ Ф А Ер Ф. + 
% € AC % % % 
% % BE % Word 
Ф e CD oe Lines 
€ € AC Ф 
4 4 СО 
X Y 7 
---/---” 
Outputs 


3.8 | module output macrocell(QR Out, CK, SP, AR, Buffer Out, S1, S0, Feedback, 
Output); 


input OR Out, CK, SP, AR, Buffer Out, S1, S0; 
output Feedback, Output; 


reg O; 
wire Qnot; 


always @(CK, AR) 
begin 
if(AR -- 1) 
О <= 1'b0; 
else if(CK == 1'bl) begin 
if(SP == 1'bl) 
О <= 1-51; 
е1зе 
о <= QR Out; 
епа 
епа 


assign Onot = !0; 
assign Feedback = (51 == 1'b0)? Qnot : Buffer Out; 
assign Output = (51 == 1'b0)? ((50 == 1'00)? Q : Qnot): 


((50 == 1'5b0)? QR Out : ТОК Out); 
endmodule 


3.9 (а) N flip-flops + N data + 2 serial + 3 control + 1 clock = 2N + 6 < 22 
N=8 


(b) Ao* = Load' Rsh А!+ Load' Lsh Rsi + Load Do + Rsh' Lsh' Load' Ao 
Aı* = Load' Rsh Аз + Load' Lsh Ao + Load D; + Rsh' Lsh' Load' А) 
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3.13 


Macrocells 


о; 
CLR 
Ld о, 
LS В 
Rin — О, 
D; 
D, 0 


Q3* = Clr' Ld' Ls' Qs + Clr’ Ld' Ls Q2 + Clr’ Ld Ds 
Q»* = Сіг' Ld' Ls’ Q2 + Clr’ Ld' Ls Qi + Clr’ Ld D2 
Оп = Clr' Ld' Ls' Qi + Clr’ Ld' Ls Qo + Clr' Ld Di 
Qot = Clr' Ld' Ls' Qo + Clr’ Ld' Ls Rin + Clr’ Ld Do 


Conditions to satisfy - Number of flip-flops + outputs «210; Number of flip-flops outputs + inputs 
<-22. If four macrocells are used for outputs and one input is used for the clock, we have the 
following possibilities: 

11 inputs and 64 states (6 flip-flops used) 

12 inputs and 32 states (5 flip-flops used) 

15 inputs and 4 states (2 flip-flops used) 

16 inputs and 2 states (1 flip-flop used) 

No, any Mealy circuit with the above number of inputs and states cannot be realized. A Mealy 
network with one of the above combinations can be realized only if the number of terms in the D 
flip-flop input equations and in the output equations fit in the 22V10. Maximum number of terms in 
any equation is 16. 


(a) FPGAs can be programmed outside of the factory 

(b) symmetrical array, row based, hierarchical PLD, sea of gates 

(c) antifuse, EEPROM, EPROM, SRAM 

(d) flexibility/reprogramability 

(e) fast, small, nonvolatile 

(f) programmable logic blocks, programmable interconnect, programmable I/O blocks 

(g) slow, , volatile, high area overhead 

(h) no flexibility/reprogramability 

(i) 6 

(j) Mask Programmable Gate Array - custom gate array produced at a factory. 

(k) FPGAs have a much more flexible general-purpose interconnect. Larger devices available in 
FPGA technology. 

(1) predictability in timing, low-cost 

(m) more flexibility 

(n) Xilinx, Atmel, Cypress, Lattice Semiconductor, Altera 

(o) Xilinx, Altera, Lattice Semiconductor, Actel, Quick Logic, Atmel 


(a) Simple applications where the additional capabilities (and cost) of FPGAs are not needed. 
Applications where it is necessary to be able to accurately predict interconnect timing. 
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(b) High-volume applications that will not need field-programmable revisions. 
(c) Prototyping, low-volume applications, applications that need field-programmable revisions. 


(d) SRAM 
(e) antifuse 
(f FPGA 
(g MPGA 
3.14 (a) 
A B СЕ 
о 0 010 
00111 
0 1 010 
01 111 
1 0 010 
10 111 
1 1 0141 
1 1 141 
С 
С 
F, 
C 
1 
A B 
(b) 
A B CIF, 
0 0 010 
0 0 1|l 
0 1 0141 
01 1141 
1 0 0141 
101141 
1 1 0141 
1 1 110 


A 4-to-1 mux is needed 
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3.15 


fused switch 


Non-Segmented Tracks 
x y x w 2 у w 2 


unfused switch 


---О--- intersegment switch 


Segmented Tracks 


3.16 


CONFIGURATION BITS 


ғ------------------------ 
3-STATE LATCHED SLEW PASSIVE 
INVERT OUTPUT RATE PULLUP 


3-STATE 
(OUTPUT ENABLE) 


OUT 
SIGNAL 


OUTPUT 
BUFFER 


ENABLE 


IN SIGNAL 


IN SIGNAL 
(LATCHED) 


VOLTAGE 
REFERENCE 


ENABLE 


(GLOBAL RESET) 


CLK CLK 
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Chapter 4: Design Examples 


4.1 


SO(4) SO(3) SO(2) SO(1) arl MEE ni 


Zdigo(0) 


4.2 (а) gate delay 2 5 ns 
1-bit adder delay = 2 * 5 = 10 ns 
4-bit ripple carry adder delay = 4 * 10 = 40 ns 


(b) gate delay - 5 ns 
fastest 4-bit adder (using gates) = 2 * 5 = 10 ns 
This is a 2-level sum-of-products adder that just uses combinational logic. 
4.3 
"define A0 A[3:0 
"define Al A[7:4 
“define А2 A[11:8] 
“define АЗ A[15:12] 
"define BO B[3:0 
"define B1 B[7:4 
“define B2 B[11:8] 
“define ВЗ B[15:12] 
module CLA16(A, B, Ci, S, Co, PG, GG); 
input [15:0] A, B; 


input Ci; 
output [15:0] 5; 
output Co, Рс, GG; 


wire [3:0] 50, 51, 52, S3, G, P; 
wire [3:1] C; 


wire open; 

CLALogic CarryLogic(G, P, Ci, C, Co, PG, GG); 
CLA4 CLAa(^A0, ^BO, Ci, SO, open, P[0], С[0]); 
СТАА CLAb(^A1, `В1, C[1], S1, open, P[1], G[1)]); 
CLA4 CLAC(^A2, ^B2, C[2], S2, open, P[2], G[2]); 
CLA4 СТАа (`АЗ, ^B3, C[3], S3, open, Р[ 3], G[3]); 


assign 5 - (53, 52, S1, 50); 
endmodule 
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4.4 


4.5 


А; Bi| B; =A ФВ, | бі =А: В; | Си -Оі “РІС | Si =Р; ФС; 
0 1 Ро =1 Со -0 Со = So = 
041 P, =1 Сі = Ci = Si = 
010 P = Сә = С = 52 = 
110 P, =1 G = Сз =0 $4 =1 
110 Py =1 Gy = Са = S4 = 

1 0 Ps =1 Gs =0 Cs = 55 = 

1 1 Po =0 Со -і Сб =0 S; =0 
1 1 Р; = G =l CG = 57 = 
010 Ps =0 G, =0 Cs = Ss = 

1 0 Ро = Go - Со = So = 
041 Pio = Go = Сю = 50 = 

1 1 Ри =0 Сі =1 Сі =0 Su =0 
111 Po = Со = Ср = S2 = 
041 Рз = Сіз = Сіз = SB = 
110 Pu =1 Са =0 Cy =1 Su =0 
0 | 0 Pis = Gis 0 Cis = 515 = 


P co = Рз P2 Pı Ро= 0 

Goo = G3 + Рз G2 + Рз P2 G; + Рз P2 Pı бо= 0 

C4 = Goo + Poo Co = 0 

P cı = P; Po Ps Pu = 0 

Ос! = G7 + P7 Сб + P; Po Gs + P7 Ре Ps G4 = 1 

Cg = Ос! + Ро Сд = 1 

Ро =Ри Pio Po Рз = 0 

Ga» = би + Ри Gio + Ри Рю Go + Ри Рю Po Gg = 1 
Ci? = бо + Ро Св = 1 

Роз = Pis Pig Pi3 Pro = 0 

Ооз = Gis + Pis G14 + Pis Pig Сіз + Pis Pig Раз Gi2 = 0 
Cou = Соз + Роз Ср = 0 $ = 1001 0111 1011 1011 


(а) module FA ACC(L, Ad, CLK, Y, CI, Acc, CO); 
input L, Ad, CLK, Y, CI; 
inout Acc; 
output CO; 


reg tempAcc; 
wire 5; 


assign 5 = Асс ^ Y ^ CI; 
assign CO - (Acc & Y) | (Acc & СІ) | (X & CI); 
assign Асс = tempAcc; 


initial begin 
tempAcc <= 1'b0; 
епа 


always @(posedge CLK) 
begin 
if(L == 1'bl) 
tempAcc <= Y; 
if (Ad == 1'bl) 
tempAcc <= S; 
end 
endmodule 
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(b) module SUB4(Ld, Su, CLK, В, ACC); 
input Ld, Su, CLK; 
input [3:0] B; 
output [3:0] ACC; 


wire [4:1] C; 
wire [3:0] Bin; 


assign Bin = (Su == 1'bl)? (~B) : B; 

FA ACC SO(Ld, Su, CLK, Bin[0], С[4], ACC[O], C[1]); 

ҒА ACC S1(Ld, Su, CLK, Bin[1], С[1], ACC[1], С121); 

FA ACC S2(Ld, Su, CLK, Bin[2], C[2], ACC[2], C[3]); 

FA АСС S3(Ld, Su, CLK, Bin[3], C[3], ACC[3], С(41); 
endmodule 


46 (а) Clear when Q; = Q2 = 1, CLRN = (Оз Ор), LOADN = 1 
Count except in Ss, $ = 1 and in S11, 54 Sp = 1 


So P = T = (Q2 О Qo $ь' + Оз Q1 QoS; So) 


Ga Ra Ya Gb Rb Yb 


Q3 
Q1 
Qo 
SA' 
SB 


Alternate Solution: 

Clear as above. Set PT = 1 (always count except when loading or clearing). To prevent counting 
in S6, Sb' = 1. Load Q back into the counter: Р = Q. LOADN = (Q2 О Qo Sy + Оз О! Qo S4 
Sp)' 


(b) module traffic light(clk, Sa, Sb, Ra, Rb, Ga, Gb, Ya, Yb); 
input clk, Sa, Sb; 
output Ra, Rb, Ga, Gb, Ya, Yb; 


reg [5:0] ROMOut [0:15]; 

wire [5:0] ROMValue; 

wire LdN, ClrN, P, T, Carry, A1, A2, A3; 
wire SbN, SaN, QIN; 

wire [3:0] 0; 


initial begin 


ROMOut[0 =  6'b100010; 
ROMOut [1 = 6'b100010; 
ROMOut [2 = 6'b100010; 
ROMOut [3 = 6'b100010; 
ROMOut [4 = 6'b100010; 
ROMOut [5 = 6'b100010; 
ROMOut [6 = 6'b001010; 
ROMOut [7 = 6'b010100; 
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ROMOut[8] = 615010100; 
ROMOut[9] = 615010100; 
ROMOut[10] = 615010100; 
ROMOut[11] = 615010100; 
ROMOut[12] = 615010001; 
ROMOut[13] =  Á6'5000000; 
ROMOut[14] =  Á6'5000000; 
ROMOut[15] = 6'b000000; 
end 


assign ROMValue = ROMOut[Q]; 
assign Ga - ROMValue[5]; 
assign Ra - ROMValue[4] 
assign Ya - ROMValue[3] 
assign Gb - ROMValue[2]; 
assign Rb = ROMValue[1] 
assign Yb - ROMValue[0] 


// see code for 74163 in Figure 2-44 

// see Section 2.15 for the definition of the Nand3 component 
// the Inverter, Nand2, And4, And2, and Nor2 components are 

/ / similar to the Nand3 component in Section 2.15 


Inverter I1(Sb, SbN); 

Inverter I2(Sa, SaN); 

Inverter I3(Q[1], Q1N); 

Мапа2 G1(Q[3], Q[2], ClrN); 

Апа4 G2(Q[2], 01М, 0101, SbN, A1); 

And4 G3(Q[3], Q[1], 0101, SaN, A2); 

And2 G4(A2, Sb, A3); 

Nor2 G5(A1, A3, P); 

С74163 CT1(1'b1, CLEN; P, P, clk, 4"р0000, Carry, 0); 
endmodule 


(c) “define К 1 
“define Y 2 
“define G 3 

module testbench; 

reg [0:4] SaArray; 
time [0:4] SaDelay; 
reg [0:7] SbArray; 
time [0:7] SbDelay; 


reg clk; 

wire [0:1] lightA, lightB; 
reg 5а, Sb; 

wire Ra, Rb, Ga, Gb, Ya, Yb; 


integer i; 


initial begin 
сік = 0; 
ба - 0; 
Sb = 0; 
і = 0; 
SaArray 
SaArray 
SaArray 
SaArray 
SaArray 
SaDelay 
SaDelay 
SaDelay 


оњ оњ шмон о 
І 
© 
. 
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SaDelay[3] = 60; 
SaDelay[4] = 20; 
SbArray[0] = 0; 
SbArray[1] = 1; 
SbArray[2] = 0; 
SbArray[3] = 1; 
SbArray[4] = 0; 
SbArray[5] = 1; 
SbArray[6] = 0; 
SbArray[7] = 1; 
SbDelay[0] = 0; 
SbDelay[1] - 70; 
SbDelay[2] - 30; 
SbDelay[3] - 20; 
SbDelay[4] - 30; 
SbDelay[5] - 60; 
SbDelay[6] - 40; 
SbDelay[7] - 20; 

end 

always #5 сік = !clk; 

always 

begin 
for (і = 0; і <= 4; 1=1+1) 
begin 


wait(SaDelay[i]); 
Sa <- SaArray[i]; 
end 
$stop; 
end 


always 
begin 
for (і = 0; i «37 ; 1=1+1) 
begin 
wait(SbDelay[i]); 
Sb <= SbArray[i]; 
end 
$stop; 
end 


assign lightA 
0)); 

assign lightB 
0)); 


I 
E 
0) 


== 1)? `R : ((Ya == 1)? `Y : ((Ga == 1)? `G 


(Rb == 1)? СК: ((Yb == 1)? "Y : ((Gb 221)? СС 


traffic light traffic lightl(clk, Sa, Sb, Ra, Rb, Ga, Gb, Ya, Yb); 
endmodule 
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4.7 Solution 1: 


ВС 
бо: А'+АС+АС=1 (A) (A C) (А С) = 0 
Si: B+B'=1 (В) (В) = 0 
S2: В'С'+ВС'+С=1 (B'C) (В C)(C)20 
ABC Z 
State | 000 001 010 011 100 101 110 111 | Output 
So So So So So Si $2 ë S S2 0 
51 51 51 525: ë S 51 S S& 1 
52 52 51 So Si S Si So Si 1 
BC 
So: А'+АС+АС=1 (A) (A C) (А С) = 0 
Si: В+В' = 1 (В) (В) = 0 
S»: B'C+B'C+B=1 (В' С) (B'C) (B) =0 
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АВС 2 

State | 000 001 010 011 100 101 110 111 | Output 
50 So So So So 51 52 Si S2 0 
51 51 Si. 52 $ Si: Si S$ 85; 1 
52 52 S&S So So S$ Si So So 1 


4.8 module wave(clk, W); 
input clk; 
output W; 


reg state; 
integer count; 


initial begin 


state = 0; 
count = 0; 
end 


assign W = state; 


always @(negedge clk) 
begin 
case (state) 
0: begin 
if(count == 29) begin 
count <= 1; 
state <= 1; 
end 
else begin 
count <= count + 1; 
end 
end 
1: begin 
if(count == 43) begin 
count <= 1; 
state <= 0; 
end 
else begin 
count <= count + 1; 
end 
end 
endcase 
end 
endmodule 
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49 (а) 


Control Unit 


Comparator 


(b) 1. IfSt= 1, A + Beo Sum; Ad = 1; CORR=0 
2. If S > 9, (add 6 to Sum; CORR = 1, Ad = 1), else go to 3 
3. If Done = 1, go to 1 and wait for St 


(c) 


SGT9/CORR Ad 


4.10 (a) 
St 


CONTROL 
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() 
ЫЛ оаа 
К0/0 


(c) module shifter(St, CLK, Par іп, М, SR); 
input St, CLK; 
input [15:0] Par in; 
input [3:0] N; 
output reg [15:0] SR; 


wire K0; 

reg Ld, Sh; 
integer PS, NS; 
integer CTR; 


initial begin 
SR = 
Ld 
Sh 
PS 
NS = 
СТВ = 0; 

епа 


І 
Soe Ow 
` 


assign K0 = (CTR == 0)? 1 : 0; 


always @(PS, St, KO) 


begin 
Ld = 0; 
Sh = 0; 
case (PS) 
0: begin 
if(St == 1) begin 
Іа = 1; 
NS = 1; 
end 
else begin 
NS = 0; 
end 
end 
1: begin 
if(KO == 0) begin 
Sh = 1; 
NS = 1; 
end 
else begin 
NS = 0; 
end 
end 
endcase 
end 


always @(negedge CLK) 
begin 
PS <= NS; 
if(Ld == 1) begin 
SR <= Par in; 
СТВ <= М; 
епа 
if(Sh == 1) begin 
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SR <= (SR[14:0], 
СТВ <= СТВ - 1; 
епа 
епа 


endmodule 


411 (a) 


SR[15]}; 


Accumulator (32 bits) 


Clk > 


Shift 


| саты | 


Addend Register (32 bits) 
Control 
Circuit 


Clk 


N (Start Signal) 


N/Load 


K'/Shift 


(b) module SerialAdder(N, CLK, A, B, SUM); 


input N, CLK; 
input [31:0] 
output [32:0] 


А, В; 
SUM; 


wire K, SI, CIplus; 

reg CI, Load, Shift; 
reg [31:0] ACC, RegB; 
reg [1:0] state, 
reg [4:0] Counter; 


initial begin 
СІ = 0; 
Тоаа = 0 
Shift = 
АСС = 0; 
RegB = 0; 
state = 0; 
nextstate = 
Counter = 0; 

end 


0; 
0; 


assign K - 
assign SI = ACC[O0] 
assign CIplus - 
assign SUM - (CI, 


always 
begin 


@(state, М, К) 


nextstate; 


(Counter == 31)? 1 
^ RegB[0] 

(ACC[0] 
ACC); 
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Тоаа = 0; 
Shift = 0; 
case(state) 
0: begin 
if(N == 1) begin 
Load = 1; 
nextstate 
end 
else begin 
nextstate 
end 
end 
1: begin 
if(K == 1) begin 
Shift = 1; 
nextstate - 2; 
end 
else begin 
Shift = 1; 
nextstate = 1; 
end 
end 
2: begin 
if(N == 0) begin 
nextstate - 0; 
end 
else begin 
nextstate - 2; 
end 
end 
default: begin 
end 
endcase 
end 


1; 


0; 


always @(posedge CLK) 


begin 
state <= nextstate; 
if(Load == 1) begin 
ACC <= A; 
RegB <= B; 
end 
if(Shift == 1) begin 


ACC <= {SI, ACC[31:1]}; 
RegB <= {RegB[0], RegB[31:1]}; 
СТ <= CIplus; 


if(K == 0) 
Counter <= Counter + 1; 
else 
Counter <= 0; 
end 
end 
endmodule 
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4.12 (а) 


57/0 Су 


C15 OV'/Shift 


C15 OV/SetV Shift mE St/Load 


api C15"/Shift 


(b) module subtracter(XIN, YIN, CLK, St, X, Y, V); 
input [15:0] XIN, YIN; 
input CLK, St; 
output [15:0] X, Y; 
output reg V; 
reg state, nextstate; 
integer C; 
wire S, CB, YP, C15, OV; 
reg CA, Load, Shift, SetV; 
reg [15:0] tempX, tempY; 
initial begin 
М ж 0; 
state = 0; 
nextstate - 0; 
C20; 
СА - 0; 
Тоаа = 0; 
Shift = 0; 
беу = 0; 
tempX = 0; 
tempY - 0; 
end 
assign X - tempX; 
assign Y - tempY; 
assign C15 = (С == 15)? 1: 0; 
assign OV = (!tempX[0] & ТҮР & S) | (tempX[0] & ҮР & !S); 
assign ҮР - !tempY[0]; 
assign S - tempX[0] ^ ҮР ^ CA; 
assign CB = (tempX[0] & CA) | (ҮР в СА) | (tempX[0] & YP); 
always @ (state, St, C15, OV) 
begin 
Load - 0; 
Shift = 0; 
SetV = 0; 
case (state) 
0: begin 
if(St == 1) begin 
Load 2 1; 
nextstate - 1; 
end else 
nextstate - 0; 
end 
1: begin 
Shift = 1; 
ЇЁ(С15 == 0) begin 
nextstate - 1; 
end 
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else if(OV == 0) 
nextstate = 


епа 


0; 


else begin 


SetV z 
nextstate = 


end 
end 
endcase 
end 


1; 
0; 


always @(posedge CLK) 


begin 
state <=n 


if(Load == 


end 


if(Shift == 1) 


tempX <= 
tempY <= 
CA <= 
С <= 
end 
if(SetV == 
У <= 1; 
епа 
епа 


C + 


endmodule 


CB; 


xtstate; 
1) begin 
XIN; 
YIN; 


begin 
(S, 
(1750, 


Бедіп 


фетшрх [15:1] }; 
tempY [15:1] }; 


4.13 (a) 857 = 1000 0101 0111 (BCD number) 


RegA RegB 

1000 0101 0111 | 0000000000 
0100 0010 1011 | 1000000000 
0100 0010 1000 | 1000000000 
0010 0001 0100 | 0100000000 
0001 0000 1010 | 0010000000 
0001 0000 0111 | 0010000000 
0000 1000 0011 | 1001000000 
0000 0101 0011 | 1001000000 
0000 0010 1001 | 1100100000 
0000 0010 0110 | 1100100000 
0000 0001 0011 | 0110010000 
0000 0000 1001 | 1011001000 
0000 0000 0110 | 1011001000 
0000 0000 0000 | 1101011001 


shift 

make correction 

shift 

shift (no correction needed) 
make correction 

shift 

make correction 

shift 

make correction 

shift 

shift (no correction needed) 
make correction 

shift until finished (no corrections needed) 
(binary result = 857) 
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(b) 
St CN1 


St / Load C10'/ Sh 


a. 


(N3) | (М2) (М1) 


(с) 


C10/Done CN1, CN2, CN1' CN2' 
Ci C2 0 


(d) “define СМІ N[3] 
^define CN2 N[7] 
module BCD2binary(BCDin, St, clk, B, done); 
input [11:0] BCDin; 
input St, clk; 
output reg [9:0] B; 
output reg done; 


reg [11:0] N; 

reg load, C1, C2, Sh; 

reg [1:0] State, Nstate; 
integer ctr; 

wire [3:0] sub3 2, sub3 1; 


initial begin 
В = 0; 


о 
ox 
[ 


State - 0; 

Nstate - 0; 

Gtr mz); 
епа 


assign 5103 2 
assign 5103 1 


N[7:4] + 4'b1101; 
N[3:0] + 4'b1101; 


always G (State, St, `CN1, 'CN2, ctr) 


ооо і 
S 
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case (State) 


0: begin 
if(St == 1) begin 
load - 1; 
Nstate = 1; 
end 


else begin 
Nstate - 0; 
епа 
епа 
1: begin 
if(ctr == 10) begin 
done = 1; 


end 
else begin 
Shz21; 
Nstate = 2; 
end 
end 
2: begin 
Nstate = 1; 
if(°CN1 == 1) 
Cl = 13 
ЇЁ(`СМ2 == 1) 
C22 1; 
end 
default: begin 
end 
endcase 
end 


always @(posedge clk) 


begin 
State <= Nstate; 
if(load == 1) begin 


N <= BCDin; 
B <= 10'b0000000000; 


ctr <= 0; 
end 
if(Sh == 1) begin 


М <= N >> 1; 
ctr <= ctr + 1; 
В <= (N[0], B[9:1]}; 


епа 

if(C2 == 1) begin 
N[7:4] <= sub3 2; 

end 

if(Cl == 1) begin 
N[3:0] «2 sub3 1; 

end 

end 
endmodule 
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414 (а) 


В В В EE S Е А Contr 


Subtractor (8 bits) 


St - start 

Load - load N into register 

Su- load subtractor output 
into register 

Inc - increment "odd integer' 
register 

B - borrow 


Square Root 


(b) 
st/0 St/Load aing 
@ С) х= С) 
BSt'/Done BSt/Done 
4.15 (a) 


(b) module mul16x4 (Mult, Mcand, St, CLK, Done); 
input [15:0] Mult; 
input [3:0] Mcand; 
input St, CLK; 
output reg Done; 


reg [23:0] A; 
reg Ld, Ad, Sh4; 
reg [3:0] PS, NS; 


initial begin 


Done = 0; 
А = 0; 
та = 0; 
Аа = 0; 
554 = 0; 
PS = 0; 
NS = 0; 
end 


always @(PS, St) 
begin 
Ld = 0; 
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Sh4 = 0; 


Аа = 0; 
Ропе = 0; 
case (PS) 
0: begin 
if(St == 1) begin 
Ld = 1; 
NS 2s 
end 
else begin 
NS = 0; 
end 
end 
1,3,5,7: begin 
Ad = 1; 
№ = PS + 1; 
end 
2,4,6,8: begin 
Sh4 = 1; 
№ = PS + 1; 
end 
9: begin 
Done = 1; 
NS = 0; 
end 
default: begin 
end 
endcase 
end 


always @(posedge CLK) 


begin 
PS <= NS; 
if(Ld == 1) 
А <= {8'b00000000, Mult}; 
if (Аа == 1) 
A[23:16] <= (Mcand * Mult[3:0]) + A[23:16]; 
if(Sh4 == 1) 
А <= А >> 4; 
епа 
endmodule 
4.16 (a) 1622 256 AND gates 16 * (16-2) = 16 * 14 = 224 full adders 
16 half adders 224 + 16 = 240 adders 


(b) longest delay in a 16 x 16 array multiplier = 44 taa + tg 
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4.17 (а) & (b) 


Ae № 


n(n - 2) = 8 * (8 - 2) = 8 * 6 = 48 full adders 
п = 8 half adders 
п? = 8? = 64 AND gates 
(c) longest delay = (Зп - 4)taa + tg = (3 * 8-4) *2+1=20*2+1=41 ns 


(d) takes 16 clock cycles, frequency - 16/41 ns « 390.244 MHz 
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4.19 
RegA | Вес В 
0000 |1101 
1111 1110 
1111 1111 
1111 | 0111 
0000 | 0011 
4.20 (а) 
1.0111 (-9/16) Multiplicand 
1.101 (-3/8) Multiplier 
1.1110111 (-9/128) 
1.10111 (-9/32) 
1.1010011 
0.1001 (+9/16) Add 2's Comp of Multiplicand 
0.0011011 (+27/128) 


(b) Block diagram is similar to Figure 4-31 with one bit added to the ACC, the Full Adder, the 
Complementer, and the multiplicand. 
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4.21 (а) 


BO 


9-Bit Accumulator (A) 
ПЕШЕНЕ ЕЕЕ 
ШШЕ ЕЕЕ ЕЕ 


9-BIT FULL ADDER 


ADD-SHIFT 
CONTROL 


SHIFT COUNTER 


SBIT) 8-BIT COMPLEMENTER | 
ЕЕ 
[[ [ TI 
Multiplicand (С) 
(b) 
57/0 
K/Sh B1BOK/Sh 
B1'BO'K/Sh 
St/Load 
= ksh 77-ы 
e B1BOK'/Sh 
B1'BO/Add B1'BO'K'/Sh 
В1ВО'/СоАаа 
(с) “АеҒіпе BO RegB[0] 


^define B1 RegB[1] 
module BoothsMult (CLK, St, Mplier, Mcand, Product) ; 
input CLK, St; 
input [7:0] Mplier, Mcand; 
output [14:0] Product; 


reg [1:0] state; 

reg [2:0] Counter; 
reg [8:0] ACC, RegB; 
wire [8:0] Addout; 
reg [7:0] RegC; 
wire [7:0] Compout; 
wire Co; 


initial begin 
state = 0; 
Counter = 0; 
ACC = 0 


assign Product = {ACC[6:0], RegB[8:1]}; 
assign Со = (ВІ) & (!`В0); 

assign Compout = (Со == 1)? (!RegC) : (RegC); 

assign Addout = АСС + ((Compout[7], Compout}) + {7'00000000, Co}; 
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always @(posedge CLK) 
begin 
case (state) 
0: begin 
if(St == 1) begin 
state <= 1; 
ACC <= 0; 
RegB <= {Mplier, 1'b0j; 
RegC <= Mcand; 
end 
else begin 
state <= 0; 


end 
end 
1: begin 
if((°BO ^ ^B1) == 1) begin 


АСС <- Addout; 
state <= 2; 
end 
else begin 
ACC <- (ACC[8], ACC[8:1]); 
RegB <= (ACC[0], RegB[8:1]}; 
if(Counter != 7) begin 
Counter <= Counter + 1; 
state <= 1; 
end 
else begin 
Counter <- 0; 
state <- 0; 
епа 
епа 
епа 
2: begin 
if(Counter != 7) begin 
Counter <= Counter + 1; 
state <= 1; 
end 
else begin 
Counter <- 0; 
state <- 0; 
епа 
АСС <= (ACC[8], ACC[8:1]); 
RegB <= (ACC[0], RegB[8:1]}; 
end 
default: begin 
end 
endcase 
end 


endmodule 


(d) Simulation should confirm the following results 


01100110 (102) x 00110011 (51) - 001010001010010 (5202) 

10100110 (-90) x 01100110 (102) - 101110000100100 (-9180) 

01101011 (107) х 10001110(-114) = 101000001011010 (-12198) 

11001100 (-52) x 10011001 (-103) - 001010011101100 (5356) 
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4.22 (а) 


COUNTER 


Sh CoM 
AdSh 16-BIT ACCUMULATOR MULTIPLIER (16 BITS) CoP 


СЕ 
16-ВІТ ADDER 


1's COMPLEMENTER 4 


16 


Соот MULTIPLIER 


CONTROL 


MC15 


MULTIPLICAND (16 BITS) 


Cnt = Sh + AdSh 


Cnt = Sh + AdSh Sh = M'(state = 2) AdSh = M(state = 2) 
К = (Counter = 15) CoM = M1S(state = 1) CoP = Ркес( ме = 3) 
(b) 
St'/Done St/Load 
uM do 
РНЕС/СоР М15/Сом 
Рұға/0 
K'M/AdSh Cnt 
K'M'/Sh Cnt 
(c) ^define ACC RegA[31:16] 


"define RegM RegA[15:0] 
"define М RegA[0] 
^define M15 RegA[15] 
“define MC15 RegB[15] 
module Multi6 wo Cntrl 5195 (СІК, St, Mplier, Mcand, Done, Product); 
input CLK, St; 
input [15:0] Mplier, Mcand; 
output reg Done; 
output [30:0] Product; 


reg [2:0] state; 
reg [31:0] RegA; 
reg [15:0] RegB; 
reg Sign; 

wire [15:0] Compout; 
wire Pneg; 

wire [16:0] Addout; 


integer Cntr; 
initial begin 


Done = 0; 
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ош 
5 = 
а-а 
HS 
ии 


assign Pneg = Sign ^ `МС15; 
assign Product - RegA[30:0]; 


assign Compout = (`МС15 == 0)? RegB : (!RegB); 
assign Addout = {RegA[31], `АСС} + (Compout[15], Compout) + {16'а0, 
“МС15); 


always @(posedge CLK) 
begin 
case (state) 
0: begin 
if(St == 1) begin 
“ACC <= 0; 
`RegM <= Mplier; 
Sign <- Mplier[15]; 
RegB <- Mcand; 


state <- 1; 
епа 
епа 
1: begin 
ЇЁ(`М15 == 1) begin 
`RegM <= (!Mplier) + 1; 
end 
state <- 2; 
епа 
2: begin 
if(Cntr != 15) begin 
state <- 2; 
Cntr <= Cntr + 1; 
end 
else begin 
state <- 3; 
Cntr <- 0; 
end 
ЇЁ(`М == 0) begin 
RegA <= (1'b0, RegA[31:1]}; 
end 


else begin 
“ACC <= Addout[16:1]; 
^RegM <= (Addout[0], RegA[15:1]}; 
end 
end 
3: begin 
if(Pneg == 1) begin 
RegA <= (!RegA) + 1; 
end 
state <- 4; 
епа 
4: begin 
Бопе <- 1; 
if(St == 1) begin 
state <- 4; 
епа 
еізе Бедіп 
Done <= 0; 
state <- 0; 
епа 


79 


© 2016 Cengage Learning. АП Rights Reserved. Мау not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


епа 
default: begin 
end 
endcase 
end 


endmodule 


(d) "define ACC RegA[31:16] 
"define RegM RegA[15:0] 
“define М RegA[0] 
“define M15 RegA[15] 
"define MC15 RegB[15] 
module multi6 м Cntrl Sigs(CLK, St, Mplier, Mcand, Done, Product); 
input CLK, St; 
input [15:0] Mplier, Mcand; 
output reg Done; 
output [30:0] Product; 


reg [2:0] state, nextstate; 

reg [31:0] RegA; 

reg [15:0] RegB; 

reg Sign; 

reg Cnt, Sh, AdSh, Load, CoM, CoP; 
wire [15:0] Compout; 

wire Pneg; 

wire K; 

wire [16:0] Addout; 


integer Cntr; 


initial begin 


Done = 0; 
state = 0; 
nextstate = 0; 
RegA = 0; 
RegB = 0; 
Sign = 0; 
Cnt = 0; 
Sh = 0; 
AdSh = 0; 
Load = 0; 
CoM = 0; 
CoP = 0; 
Cntr = 0; 
end 
assign Compout = (`МС15 == 1)? (!RegB) : RegB; 
assign Addout = {RegA[31], `АСС} + (Compout[15], Compout} + 11640, 
“МС15); 
assign Pneg = Sign ^ `МС15; 
assign К = (Cntr == 15)? 1: 0; 


assign Product - RegA[30:0]; 


always G (state, St, "M15, К, СМ, Pneg) 
begin 
Load = 0; CoM = 0; AdSh = 0; Sh = 0; 
Cnt = 0; СОР = 0; Done = 0; 
case(state) 


0: begin 
if(St == 1) begin 
Load = 1; 
nextstate = 1; 
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епа 
else begin 


nextstate - 0; 
end 
end 
1: begin 
ЇЁ(`М15 == 1) begin 
СОМ: = 
end 
nextstate = 2; 
end 
2: begin 
if(K == 1) begin 
nextstate - 3; 
end 
else begin 
nextstate - 2; 
end 
ЇЁ(`М == 0) begin 
Shz2 1; 
Cnt, = 
end 
else begin 
AdSh = 1; 
Cnt = 1; 
end 
end 
3: begin 
if(Pneg == 1) begin 
СОР = 1; 
end 
nextstate = 4; 
end 
4: begin 
Done = 1; 
if(St == 1) begin 
nextstate - 4; 
end 
else begin 
nextstate - 0; 
end 
end 
default: begin 
end 
endcase 
end 


always @(posedge CLK) 


begin 
state <= nextstate; 
if(Cnt == 1) begin 
if(Cntr == 15) begin 
Cntr <= 0; 
end 


else begin 
Cntr <= Cntr + 1; 
end 
end 
if(Sh == 1) begin 
“ACC <= (1'b0, RegA[31:17]}; 
^RegM <= {RegA[16], RegA[15:1]}; 
end 
if(AdSh == 1) begin 
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“АСС <= Addout[16:1]; 

`RegM <= (Addout[0], RegA[15:1]}; 
епа 
if(Load == 1) begin 

“ACC <= 0; 

^RegM <= Mplier; 

Sign <- Mplier[15]; 

RegB <- Mcand; 


end 
if(CoM == 1) begin 
`RegM <= (!Mplier) + 1; 
end 
if(CoP == 1) begin 
RegA <= (!RegA) + 1; 
end 
end 
endmodule 


4.23 (a) 


Result 


-— CmZ = Zs 


2's COMPLEMENTER 


8-BIT ADDER 
1's COMP. 


М = 0&Y(6:0) 


CmY 


CmY 


M = 0&X(6:0) 


(b) In the following, Xs is the sign of X, M is the magnitude of X, Ys is the sign of Y, N is the 
magnitude of Y, N* is the 2's complement of N, and R is the final result. Consider the following 
8 cases: 


с 
o 
ра 
2 


Стү | formula for Z 

М+М 

М + (-М) > М + №* 

-М+ М = -(М - № э M + №, change sign of R 
-М + CN) -(М + № > М + №, change sign of К 
М-М М + № 
M -(-N) >M+N 
-M+N=-(M-N) > M + №, change sign of R 
-M + CN) = -(M +N) > М + №, change sign of R 


еркеке |ке Оо О ГО 
=|= о == оо 
-|o|-|o|-|o|-|o'« 
2 
оо |= о = о 
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(с) 


4.24 (а) 


(b) 


4.25 (a) 


(b) 


Method: 

(1) If CmY = 1, take 2's complement of М. CmY = Xs © Ys © Sub 

(2) If sign of the adder output (Zs) is 1, take 2's complement of Z. CmZ = Zs. 
(3) If Xs = 1, change sign of R. 


Rs = sign of result 
У = Sub'(XsYsRs' t Xs'Ys'Rs) + Sub(Xs' YsRs + XsYs'Rs') 


Kd/Ld 
ка/0 C mmm СУД Ка/0 
Kd'/0 


State 0 
CLK ---> 10-bit Counter CLK10 Kd Ld 


Truth table and resulting equations acquired used a CAD program (such as LogicAid). 


Ro Ri В, В: Со С, C5 C5 № № Ni No 
1 1 


Logic equations for the decoder: 


№ = C3 + В Со + ВзСг 


№ = Ri Сз + Вз С + В С C7 


Ni = Ro Со + К C2 + Ri Сз + Ко К Co 


No = В Вз С Сз + Ri Со C? + Кз Со Сг 


оооФнннноооооооо 
= = н н оооооооооооо 


оо оооноооноооно 
оноосон оооноооноо 
н ооонооонооонооо 
= ORR нн онооонооо 
= онн оононнноооо 
онон оооннноонн но 


0 
1 
0 
0 
1 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 


ооооооооооооннн н 
оооооооонннноооо 
оон ооонооонооо 


Debouncing circuit is the same as pictured in Figure 4-44. 
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(с) 


P каз: ка 


(d) module scanner(RO, R1, R2, R3, CLK, CO, Cl, C2, СЗ, NO, N1, N2, №3, V); 


input RO, БІ, R2, R3, CLK; 
output reg CO, C1, C2, C3, V; 
output NO, N1, N2, N3; 


reg [2:0] state, nextstate; 
reg OA, Kd; 
wire K; 


initial begin 
СО = 
СІ = 
с2 
с3 
V = 0; 
QA = 0; 
Kd = 0; 
state = 0; 
nextstate = 

end 


0; 


assign К = 
assign 
assign 
assign 
assign 

!C1); 


RO | 
= сз | 
(R1 & 
(RO & 
(IR1 & 


В1 | R2] R3; 
(R2 & !CO) | 
'C3) | (R3 в 
'cO) | 
'R3 & 


а 2 
от 
I Il 


ICI & 


always 
begin 
СО = 0; Cl = 
case(state) 
0: begin 
nextstate = 
end 
1: begin 
СО-1; СІ = 
if(Kd & К == 
nextstate = 
е1зе 
nextstate = 
епа 
2: begin 
C02 1; 
if(Kd & К == 1) 
У = 1; 
nextstate = 
епа 
else if(K == 0) 


@(state, RO, R1, R2, R3, 


1; 
1; 
1) 

27 


1; 


begin 


6; 
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(R3 & 


!C1) 


(!R2 & C2) 


'C3) 


со, 


ІСІ 
I ( 
I ( 
I ( 


Ely, 


); 


R2 
R1 в 
R1 


ІСІ 
C3) 
!CO 


C3, 


& !C2); 

| (*RO & !R1 & CO); 
& !C2) | (R3 & !CO & 
к, Kd, ОА) 
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І 
о 
<. 


nextstate 
else 
nextstate 
end 
3: begin 
C1 = 1; 
if (Kd & K == 1) begin 
v= 1; 
nextstate = 6; 
end 
else if(K == 0) 
nextstate = 4; 
else 
nextstate 
end 
4: begin 
C2 = 1; 
if (Kd & K == 1) begin 
У = 1; 
nextstate = 6; 
end 
else if(K -- 0) 
nextstate = 5; 
else 
nextstate = 4; 
end 
5: begin 
C3 m 1l; 
if(Kd & К == 1) begin 
У = 1; 
nextstate 
end 
else 
nextstate 
end 
6: begin 
CO: m. УСА. о 00909 2% 
if(Kd == 0) 
nextstate 
else 
nextstate 
end 
default: begin 
end 
endcase 
end 


І 
N 
EN 


Sy 


6; 


І 
л 
ма 


И 
т 
`~ 


І 
оз 
<. 


always @(posedge CLK) 


begin 
state <= nextstate; 
ОА <= K; 
Kd <= QA; 
end 
endmodule 
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4.26 (а) 


(b) 


(c) 


Dividend Register 


Subtractor 
and Comparator 


Y7 №6 №5 Y4 Y3 Y2 ут YO 


Quotient 


Divisor 


St/Done 


K'C'/Sh K'C/Su 


^define ACC X[16:8] 
module Div16(CLK, St, 
input CLK, St; 
input [15:0] Dvend; 
input [7:0] Dvsor; 
output [7:0] Quotient; 
output reg V, Done; 


Dvend, Dvsor, Quotient, V, 


reg [1:0] state, nextstate; 
reg [16:0] X; 
reg [8:0] Y; 
reg Sh, Su, Load; 
wire C, K; 
integer Count; 
initial begin 
V=0; 
Done = 0; 
state = 0; 
nextstate = 0; 
Х = 0; 
Y = 0; 
Sh = 0; 
Su = 0; 
Load = 0; 
Count = 0; 
end 
assign Quotient = X[7:0]; 
assign К = (Count == 8)? 1: 0; 
assign С = ((Ү <= `АСС) && (state != 0)) ? 1 
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] 


Control 


Done); 


Counter 


St (Start Signal) 
DONE 
V (Overflow) 


© 2016 Cengage Learning. АП Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


always @(state, St, C, К) 

begin 
Load = 0; Sh = 0; Su = 0; V = 0; Done = 0; 
case(state) 


0: begin 
if(St == 1) begin 
Load = 1; 
nextstate = 1; 
end 
else begin 
nextstate = 0; 
Done = 1; 
end 
end 
1: begin 
if(C == 1) begin 
NOEL 
nextstate - 0; 
end 
else begin 
Sh. 1; 
nextstate = 2; 
end 
end 
2: begin 
if((C == 1) && (К == 0)) begin 
би = 1; 
nextstate = 2; 
end 
else if((C == 0) && (К == 0)) begin 
Sh = 1; 
nextstate = 2; 
end 
else if((C == 0) && (K == 1)) begin 
nextstate = 0; 
end 
else begin 
Su m ls; 
nextstate - 0; 
end 
end 
default: begin 
end 
endcase 
end 
always @(posedge CLK) 
begin 
state <= nextstate; 
if(Load == 1) begin 
Count <= 0; X <= (1'b0, Dvend}; У <= {1'р0, Dvsor}; 
end 
if(Sh == 1) begin 
X <= (X[15:0], 1'bO}; Count <= Count + 1; 
end 
if(Su == 1) begin 
“ACC <= “ACC - Y; 
X[0] <= 1'b1; 
end 
end 
endmodule 
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(d) module divi6test; 
reg [15:0] dividendarr [1:6]; 
reg [7:0] divisorarr [1:6]; 


reg СІК, St; 
reg [15:0] Dvend; 
reg [7:0] Dvsor; 
wire V, Done; 


integer Count; 
integer i; 
parameter N - 6; 


initial begin 

dividendarr [1 
dividendarr [2 
dividendarr[3 
dividendarr[4 
dividendarr[5 
dividendarr[6 
divisorarr[1] 
divisorarr[2] 
divisorarr[3] 
divisorarr[4] 

] 

] 


16'50000000000000000; 
16'b1111111111111111; 
16'50000001000000000; 
16'50000000111111110; 
16'50000000000000100; 
16'50000000000000110; 
8'500000001; 
SUbTITITITIT; 
8'500000010; 
8'500000010; 
8'b00000010; 
8'b00000010; 


] 
] 
] 
] 
] 
] 


divisorarr[5 
divisorarr[6 
CLK = 0; 
St = 0; 
Dvend = 0; 
Dvsor 
Count 
і = 0; 
епа 


always #10 СІК = !СІК; 


always 
begin 
for(i = 1; i <= М; i = 1+1) begin 
St = 1; 
Dvend = аіуіаепаагг [1]; 
Dvsor = divisorarr[i]; 
8 (роѕейде CLK) 
St = 0; 
wait((Done == 1) || (У == 1)); 
8 (posedge CLK) 
Count = i; 
end 
end 


ріу16 Div(CLK, St, Dvend, Dvsor, Quotient, V, Done); 
endmodule 


4.27 module divider(St, clk, Input, Quotient); 
input St, clk; 
input [15:0] Input; 
output [15:0] Quotient; 


reg 141, Ld2, Su, Sh; 


reg [15:0] Divisor, Dividend, ACC; 
reg [4:0] Counter; 
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reg [1:0] state, nextstate; 
wire K, B; 


initial begin 

таж 0; 

Ld2 = 0; 

Su = 0; 

Sh = 0; 

Divisor = 0; 

Dividend = 0; 
Counter = 
state = 0; 
nextstate = 0; 

end 


assign Quotient = Dividend; 
assign К = (Counter == 16)? 1 : 0; 
assign В = (АСС < Divisor)? 1: 0; 


always @(posedge clk) 


begin 
state <= nextstate; 
if(Ldl == 1) 
Divisor <= Input; 
if(Ld2 -- 1) begin 


Dividend <- Input; 
ACC <= 16"50000000000000000; 

епа 

if(Sh == 1) begin 
ACC <= (ACC[14:0], Dividend[15]}; 
Dividend <- Dividend << 1; 
Counter <= Counter + 1; 

end 

if(Su == 1) begin 
ACC «2 ACC - Divisor; 
Dividend[0] <= 1; 

end 

end 


always @ (state, St, B, К) 
begin 
Та1 = 0; Ld2 = 0; Su = 0; Sh = 0; 
case (state) 
0: begin 
if(St == 1) begi 
nextstate = 1; 
LAL = 1; 
end 
else 
nextstate = 0; 
end 
1: begin 
nextstate 
Ld2 = 1; 
end 
2: begin 
nextstate 
Sh = 1; 
end 
3: begin 
if((B == 1) && (К == 0)) begin 
nextstate = 3; 
Sh = 1; 


І 
N 
-. 


І 
о 
>. 
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епа 
else if((B == 0) && (К == 0)) begin 
nextstate = 3; 
Su = 1; 
епа 
else if((B == 1) && (К == 1)) begin 
nextstate = 0; 
end 
else begin 
nextstate = 0; 
би = 1; 
епа 
епа 
епасазе 
епа 


endmodule 


4.28 (a) 


B'/SubSh 


| B'/SubSh 
St/0 
^ 60 B/Sh 


(b) module divu (dividend, divisor, St, clk, quotient); 
input [7:0] dividend; 
input [3:0] divisor; 
input St, clk; 
output [3:0] quotient; 


reg [2:0] state, nextstate; 
reg [7:0] X; 

reg [3:0] Y; 

wire [4:0] Subout; 

wire sub; 


initial begin 


state = 0; 
nextstate = 0; 
X20; 
Y = 0; 

end 


assign quotient = X[3:0]; 
assign sub = (X[7:3] >= Y)? 1 : 0; 
assign Subout = X[7:3] - Y; 


always @(posedge clk) 
begin 
case (state) 
0: begin 
if(St == 1) begin 
X <= dividend; 
Y <= divisor; 
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state <= 1; 


end 
else 
state <- 0; 
епа 
1,2,3,4: begin 
1Е (зар == 1) begin 


Х[7:4] <= бабой [3:0]; 
Хх [ 3:0] <= {X[2:0],1'bl}; 
епа 
е1зе 
X <= {X[6:0], 1'00}; 
if(state < 4) 
state <= state + 1; 
else 
state <= 0; 
end 
default: begin 
end 
endcase 
end 


endmodule 


4.29 (a) 


Outputs: LC, LB, LA, RA, RB, RC 


(b) First, assign LC = Qi, LB = Qo, LA = Оз, RA = Qu, RB = Qs, RC = 0%. 
So So = 000000, 51 = 001000, 5: = 011000, etc. 


This state machine has too many state variables to use Karnaugh maps. Instead, we will write 
down equations for each flip-flop by inspection. 


First consider От. Qı = 1 in states S5 or S; only. 

е 5715 reached whenever H = 1 and we are not already іп 57: Н(О10203040506). But S7 is 
the only state in which both Оз = 1 and Q4 = 1, so assuming we are always in a valid state, 
we can use H(Q3Q4)' = HQs' + HQ4'. Note: Any combination of one left light and one right 
light will also work, i.e. НОг + НО;. 
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e 5; 15 reached whenever we аге in 52 and L = 1 while H = 0: LH'Qi'Q?203Q4'Q5'Qg'. But Qs = 
1 whenever О» = 1, and Q4 = Qs = Qc = 0 whenever О! = 0. So we can use LH'Qi'Q». 


e SoDi zZLHQ!i'Q? + НОз + HQ/ = LQ1'Q2 + НОз + HQ (using X + ХУ = X + Y). 
Similarly О» = 1 in states S5, 52, and S; only. 


e 55апа 52 are reached whenever we аге in 52 or S; and L = 1 while H = 0. 
ІН'От 03040506 + LH'Q1'Q2'Q3Q4'Q5'Q6' = LH'Q1'Q3Q4'Q5'Qo'. But again, Q4 = Qs = 
Ов = 0 whenever О! = 0, so D2 = LQi'Qs + НОз + HQ4' We can also get by inspection: D3 = 
ГОО + НОз + HQ45; Da = RQs'Qe + НОз + HQ4; Ds = КОО + НОз + HQ4; Dez 
ЕО506 + НО: + НО; 


(с) 
State | LRH 000 001 010 011 100 101 110 ПТС LB LA RA RB RC 
50 50 57 54 57 51 57 = - 0 0 0 0 0 0 
51 50 57 So 57 52 S7 = - 0 0 1 0 0 0 
52 50 57 So 57 S3 S7 - - 0 1 1 0 0 0 
$3 So 57 So 57 So 57 - - 1 1 1 0 0 0 
54 50 57 55 57 50 57 - - 0 0 0 1 0 0 
55 50 57 56 57 50 57 - - 0 0 0 1 1 0 
56 So 57 So 57 50 57 - - 0 0 0 1 1 1 
57 50 50 So So So So - - 1 1 1 1 1 1 
1. (So, Si, 92, 93, Sa, 55, Se) Юг S7 in LRH = 001, 011, 101 
(Si, 52, S5, 56, 57) for So in LRH = 010 
(S3, Sa, Ss, Se, S7) for So in LRH = 100 
П. Every state matches So and 57. But So and 57 match the best, so 
(So, 57) x (many times) 
Ш. (51, 52, ӛз, 57) (54, 55, 56, 97) еѓс. 
From LogicAid: 
So р. HQ» + RQ:Q2Q3' + НОз + ГООО; + НОг + ВО О Оз 


D2 = RHQiQ?Qs' + RH'Q:Q2 + LH'Qi'Q?Qs 

Оз = LH'Qi'Q?Qs' T LH'Qi'Q?'Qs T RH'QiQ5 

LC = Q1Q2'; LB = QiQ? + QQ3 ; LA = QiQ? + Q2'Q3 + Q1'Q2Q3' 

ВС = QiQ?Qs' + Q1'Q2Q3; RB = Q1Q2'Q3' + 0203; RA = 0105 + 0203 


Other minimum solutions can be found for D» and Оз with this assignment. 
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4.30 (а) 


ӨТ FF' PL' 


(b) module tapeplayer(ST, RE, PL, FF, M, CLK, R, P, F); 
input ST, RE, PL, FF, M, СІК; 
output reg R, P, F; 
reg [2:0] state, nextstate; 
parameter idle - 0; 
parameter rew - 1; 
parameter play - 2; 
parameter ffwd - 3; 
parameter sback - 4; 
parameter sfwd - 5; 
initial begin 

В = 0; 
Р = 0; 
Е = 0; 
state = 0; 
nextstate = 0; 
end 
always G (state, ST, RE, PL, FF, М) 
begin 
К= 0; P=0; Е = 0; 
case (state) 
0: begin //idle 
if(RE == 1) 
nextstate = гем; 
else if(PL == 1) 
nextstate - play; 
else if(FF -- 1) 
nextstate - ffwd; 
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е1зе 


nextstate = idle; 
end 
1: begin //xew 
В = 1; 
if((ST == 1) || (FF == 1)) 
nextstate - idle; 


else if(PL -- 1) 
nextstate - play; 


else 
nextstate = гем; 
епа 
2: begin //р1ау 
Р = 1; 
if((ST == 1) || (RE == 1) || (FF == 1)) 
nextstate = idle; 
else if((PL == 1) && (RE == 1)) 
nextstate = sback; 
else if((PL == 1) && (FF == 1)) 
nextstate = sfwd; 
else 
nextstate - play; 
end 
3: begin //£twd 
Е = 1; 
if((ST == 1) || (RE == 1)) 
nextstate = idle; 
else if(PL -- 1) 
nextstate - play; 
else 
nextstate - ffwd; 
end 
4: begin //sback 
В = 1; 
1Ғ(5Т == 1) 
nextstate = idle; 


else if(M -- 0) 
nextstate - play; 


else 
nextstate = sback; 
end 
5: begin //зЕма 
Е = 1; 
if(ST == 1) 
nextstate = idle; 


else if(M -- 0) 
nextstate - play; 


else 
nextstate ш sfwd; 
end 
default: begin 
end 
endcase 


end 


always @(posedge CLK) 
begin 

state <= nextstate; 
end 


endmodule 
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5.1 


Chapter 5: SM Charts апа Microprogramming 


(a) 


(b) 
module SM desc(X1, X2, CLK, 71, 22); 
input ХІ, X2, CLK; 
output reg Z1, 72; 


reg [1:0] state, nextstate; 
initial begin 


state = 2'b00; 
nextstate = 2'b00; 


Z1 = 1'b0; 
Z2 = 1'b0; 
end 
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always G (state, X1, X2) 


begin 
21 = 1'50; 
22 = 1'b0; 
case (state) 
0: begin 
if(X1 == 1'bl) begin 
22 = l'b1; 
if(X2 == 1'bl) 
nextstate = 2'b00; 
else begin 
21 = 1'bl; 
nextstate = 2'b01; 
end 
end 
else if(X2 == 1'bl) begin 
21 = l'b1; 
nextstate = 2'b10; 
end 
else 
nextstate = 2'b11; 
end 
1: begin 
21 = l'b1; 
if(X1 == 1'bl) begin 
22 = 1-51; 
if(X2 == 1'bl) 
nextstate = 2'b11; 
else 
nextstate = 2'b10; 
end 
else if(X2 == 1'bl) 
nextstate = 2'b01; 
else 
nextstate - 2'b00; 
end 
2: begin 
if(X1 == 1'b1) begin 
22 = 1'bl; 
nextstate = 2'b01; 
if(X2 == 1'b0) 
21 = 1'bl; 
епа 
else if(X2 == 1'bl) begin 
21 = 1'bl; 
nextstate = 2'b00; 
end 
else begin 
nextstate = 2'b11; 
end 
end 
3: begin 
if(X1 == 1'bl) begin 
Z2 и Еа o 
if (X2 == 1'bl) 
nextstate = 2'b00; 
else 
nextstate - 2'b01; 
end 
else 
nextstate = 2'b10; 
end 
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епасазе 
епа 


always 8 (posedge CLK) 
begin 

State <= nextstate; 
end 


endmodule 


52 


Z1 and Z2 are Mealy outputs; Z3 is a Moore output. 


5.3 (а) 
READY 
4-Bit up 


Up-Down 
Counter dn 


GREEN 
BLUE 
RED 
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(b) 


© 


ENTER, LEAVE, READY, RED, GREEN, BLUE used as described in ће problem 
INC: increment counter by 1 

DEC: decrement counter by 1 

GES: counter value is greater then or equal to 8 

СЕ10: counter value is greater then or equal to 10 

ODD: counter value is odd 


(c) 
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54 (а) 


V (Overflow) 


Load 
а | Control 
ae Le el 
and с 


Comparator 


St 
Clock 


(b) 


(c) 


module DIV SM desc(CLK, St, Divisor, Dividend, V, Quotient); 
input CLK, St; 
input [4:0] Divisor; 
input [7:0] Dividend; 
output reg V; 
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output [2:0] Quotient; 


reg [2:0] state, nextstate; 
reg Load, Sh, Su; 

reg [4:0] RegB; 

reg [8:0] ACC; 

wire [5:0] ACCin; 

wire C; 

wire [6:0] Diff; 

wire [5:0] Subout; 


initial begin 
state = 3'b000; 
nextstate = 3'b000; 
АСС = 9'b000000000; 
RegB = 5'b00000; 
end 


assign Quotient = ACC[2:0]; 

assign Diff = (1'b0, ACC[8:3]) - RegB; 
assign Subout = Diff[5:0]; 

assign С = ~Diff[6]; 


always @(state, St, C) 


begin 
Load = 1'Ъ0; 
Sh = 1'b0; 
Su = 1'b0; 
У = 1'b0; 
case (state) 
0: begin 


if (St == 1'bl) begin 
Load = 1'bl; 
nextstate = 3'b001; 
end 
else 
nextstate = 3'b000; 
end 
1: begin 
if(C == 1'bl) begin 
У = 1-51; 
nextstate = 3'b000; 
end 
else begin 
Sh = 1-51; 
nextstate = 3'b010; 
end 
end 
2, 3: begin 
if(C == 1'bl) begin 
Su = 1'Ы1; 
nextstate = state; 
end 
else begin 
Sh, s: 1*b51; 
nextstate = state + 3'b001; 
end 
end 
4: begin 
nextstate = 3'b000; 
if(C == 1'bl) 
Su = 1'Ы1; 
end 
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default: begin 
end 
endcase 

end 


always @ (posedge СІК) 
begin 
State <= nextstate; 
if (Load == 1'bl) begin 
ACC <= {1'00, Dividend}; 
RegB <- Divisor; 
end 
else if(Sh == 1'bl) 
ACC <= (ACC[7:0], 1750); 
else if(Su == 1'bl) begin 
ACC[8:3] <- Subout; 
ACC[0] <= 1'b0; 
епа 
еізе Бедіп 
епа 
епа 


endmodule 


(d) add list * 
add wave * 
force Clk 0 0, 1 10 -repeat 20 
force Dividend 01011101 
force Divisor 10001 
force St 1 5,0 15 
run 


5.5 
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5.6 


5.7 
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5.8 


(а) 
А В 
Start 0100011101 
Shift 41 0 | 100011101 
Shift #2 01 | 00011101 
Shift #3 010 | 0011101 
Shift #4 0100 | 011101 
Shift #5 0 1000 | 11101 
Ааа 0 1011 | 11101 
Shift #6 1 0111 | 1101 
Ааа 1 1010 | 1101 
Shift #7 11 0101 
Ааа 11 1000 
Shift #8 111 0001 |0 
Ааа 1010 0001 |0 
Shift #9 1 0100 0010 
Shift 410 10 1000 0101 
(b) 
D1 GE5 
C 
о 
М 
Т В (10 bits) 
R 
о 
; 
C10 
(c) 


ae 
вы 
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(4) 
module P5 8(St, Clk, Number, А, Done); 
input St, Clk; 
input [9:0] Number; 
inout [11:0] A; 
output reg Done; 


reg [11:0] Atemp; 

reg [9:0] B; 

reg [1:0] state, nextstate; 
reg [3:0] cnt; 
reg Load, INC D1, INC D2, Sh; 


wire C10, D1 GE5, D2 GE5; 
initial begin 
Atemp = A; 
В = 10'50000000000; 
state = 2'b00; 
nextstate = 2'b00; 
cnt = 4"р0000; 
end 


assign A - Atemp; 

assign C10 = (cnt == 4'b1010) ? 1'bl : 1'50; 
assign Dl GES = (A[3:0] >= 4'b0101)? 1-51: 1'b0; 
assign D2 СЕ5 (A[7:4] >= 4'b0101)? 1'b1 : 1'5b0; 


always @ (state, St, C10, р1 GE5, D2 СЕ5) 
begin 
Load = 1'Ъ0; 
INC рі = 1'b0; 
INC D2 = 1'b0; 
Sh = 1'Ы0; 
Done = 1'b0; 
case (state) 
0: begin 
if(St == 1'bl) begin 
nextstate - 2'b01; 
Load = 1'b1; 


end 
else 
nextstate - 2'b00; 
end 
1: begin 
if (C10 == 1'bl) begin 


nextstate - 2'b00; 
Done = 1'b1; 

end 

else begin 
nextstate = 2'b10; 


if (01 GE5 == 1'01) 
ING Dl: = i'bi; 
if (02 GE5 == 1'b1) 
INC р2 = 1'b1; 
епа 
епа 
2: begin 
Sh = 1'p1; 
nextstate - 2'b01; 
end 


default: begin 
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епа 
епасазе 
епа 


always 8 (posedge Clk) 


begin 
State <= nextstate; 
if(INC ПІ == 1'01) 
Atemp[3:0] <= Atemp[3:0] + 4'50011; 
if(INC D2 == 1'01) 


Atemp[7:4] <= Atemp[7:4] + 4'50011; 
if (Sh == 1'bl) begin 
Atemp <= (Atemp[10:0], B[9]} ; 
ent <= cnt + 4'b0001; 
В <= (B[8:0], 1'b0); 
end 
if (Load == 1'bl) 
B <= Number; 
end 


endmodule 


product 


} i A (accumulator) B 


CONTROL 


ік 


COUNTER 


multiplier 


16-BITFULLADDER Cin 


Cm 


multiplicand 
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(b) 


52 / Done 


(c) 
module P5 9(clk, St, Mplier, Mcand, Product, Done); 
input clk, St; 
input [15:0] Mplier, Мсапа; 
output [30:0] Product; 
output Done; 


reg [1:0] State; 
reg [15:0] A, B; 
reg [4:0] Counter; 
wire K; 

wire M; 

wire [15:0] addout; 


initial begin 
State - 2'b00; 
А = 16'h0000; 
В = 16'h0000; 
Counter = 5'5b00000; 
end 


assign M - B[0]; 


assign Done = (State == 2'b10)? 1'01: 1'b0; 

assign Product - (A[14:0], В); 

assign К = (Counter == 5'b01111)? 1l'b1 : 1'b0; 

assign addout = (К == 1'b0)? (А + Mcand) : (А + (~Mcand) + 16'nh0001); 


always 8 (posedge clk) 
begin 
case (State) 
0: begin 
if(St == 1'bl) begin 
A <- 16'h0000; 
B <- Mplier; 
State <= 2'b01; 
Counter <= 5'b00000; 
end 
end 
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1: Бедіп 
Counter <= Counter + 5'500001; 
if(K == 1'b0) begin 
if(M == 1'bl) begin 
А <= (Mcand[15], addout[15:1]}; 
В <= (addout[0], В[15:1]}; 
епа 
еізе Бедіп 
А <= (A[15], A[15:1]}; 
В <= (A[0], B[15:1]}; 
епа 
епа 
е1зе Бедіп 
State <= 2"510; 
if(M == 1'bl) begin 
А <= {(*Mcand[15]), addout[15:1]}; 
В <= (addout[0], В[15:1]}; 
епа 
еізе Бедіп 
А <= (A[15], A[15:1]}; 
В <= (A[0], B[15:1]}; 
епа 
епа 
епа 
2: begin 
State <= 2'b00; 
епа 
default: begin 
end 
endcase 
end 


endmodule 


5.10 
F12/ 
UP 
0 
1 
F22/ 
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5.11 
module test el; 
reg CLK; 
reg CALL1, CALL2, FB1, FB2, Е51, FS2, DC; 
wire UP, DOWN, DO; 


initial begin 


CLK = 1'Db0; 
CALL1 = 1'00; 
CALL2 = 1'00; 
FB1 = 1'bO; 
FB2 = 1'b0; 
FS1 = 1'50; 
FS2 = 1'00; 
DC = 1'50; 
епа 


elev control eltest(CALL1, CALL2, ЕВІ, ЕВ2, Е51, FS2, РС, СІК, UP, DOWN, 
ро); 


always 
#6000 CLK = ~CLK; 


always Q (UP, DOWN) 


begin 
if(UP == 1'bl) begin 
if(FS1 == 1'bl) begin 
#3600 FS1 = 1'00; 
#39600 FS2 = 1'b1; 
end 
end 
else if (DOWN == 1'b1) begin 
if(FS2 == 1'bl) begin 
#3600 FS2 = 1'00; 
#39600 FS1 = 1'b1; 
епа 
епа 
епа 


always @(posedge DO) 


begin 
DC = 1'b0; 
#18000; 
DC = 1'b1; 
end 
always 
begin 
CALL1 = 1'b1; 
#3600; 
CALL1 = 1-50; 
#7200; 
FB2 = 1'b1; 
#3600; 
ЕВ2 = 1'b0; 
#14400; 
FB1 = 1'b1; 
#3600; 
FB1 = 1'b0; 
#3600; 
CALL2 = 1151; 
#3600; 
CALL2 = 1'Ъ0; 
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Я36000; 

FB2 = 1'Б1; 

#3600; 

ЕВ2 = 1'b0; 
епа 


endmodule 


5.12 (a) 


(b) A* = A'BX; + A'B'Xo(Xi' + X3) + {АВ} = BXo + A'Xo(Xi' + X3) 
В+ = А'В'(Х› + XiX3) + AB'Xi' + А'ВХ» + {AB} = АХ, + A'B'X1X3' + АХУ 


71 =А+В+ X3 

Zo = A'B'X;' 

Z3 = АВ ХХ; 

(c) 
A B Xi X» Х.| At B* ZA 72 Za 
- 1 - 1 - 1 0 0 0 0 
0 - 0 1 - 1 0 0 0 0 
0 - - 1 1 1 0 0 0 0 
1 - 0 - - 0 1 0 0 0 
0 1 - 0 0 1 0 0 0 
0 - - 0 1 0 0 0 
1 - - - - 0 0 1 0 0 
- 1 - - - 0 0 1 0 0 
- - - 1 - 0 0 1 0 0 
0 0 - 0 - 0 0 0 1 0 
0 0 0 1 - 0 0 0 0 1 
(d) 32 words Бу 5 bits; 

А В Xi Xo Xs | At Bt ZA 72 Za 
0 0 0 0 0 0 1 0 1 0 
0 0 0 0 1 0 1 0 1 0 
0 0 0 1 0 1 0 0 0 1 
0 0 0 1 1 1 0 1 0 1 
0 0 1 0 0 0 1 0 1 0 
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5.13 (а) 


г _ ИЯ ЕНЕР 


(b) О = QiX1' + Q3X4'X5 
Q»* = ОХ; + QiX1X2' + Q3X4 
Qs* = Q3X4'Xs' + QiX1X2 + QX3' 


71 = QiX1X2' 
72 = О:Х3 
Z3 = Q2 + Q3X4 


(с) 


module Egns Desc(X1, X2, X3, X4, X5, CLK, Z1, 22, 23); 
input ХІ, X2, ХЗ, ХА, X5, CLK; 
output 71, 22, 23; 
reg 01, 02, 03; 


initial begin 


QT m I'bil; 

02 = 1'b0; 

Q3 = 1'50; 
епа 


01 & ХІ & (-Х2); 
02 & X3; 
02 | (03 в X4); 


assign 71 
assign 72 
assign 73 


always @(negedge СІК) 


begin 
01 <= (01 & ~X1) | (03 & ~X4 & X5); 
Q2 <= (02 & X3) | (01 & ХІ & ~X2) | (03 в X4); 
Q3 <= (03 8 “Х4 & ~X5) | (01 & ХІ в X2) | (02 & ~X3); 
епа 
endmodule 
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5.14 (а) 


(b) 

A B C К «А Bt С O С) C V 
50|0 0 0 - - 0 0 1 0 0 0 0 
5110 0 1 1 1 0 1 0 1 1 1 0 

0 0 1 0 - 0 0 1 1 1 1 0 

0 0 1 - 0|0 0 1 1 1 1 0 
52 1 0 1 о1о 1 0 1 0 0 0 

0 1 0 1 1 1 0 1 1 0 0 1 

0 1 0 0 - 0 1] 1 1 0 0 0 
$3|0 1 1 1 010 1 1 0 1 0 0 

0 1 1 1 1 1 0 1 0 1 0 1 

0.41 1 0 - 1 0 0 0 1 0 0 
54110 0 1 1 1 0 1 0 0 1 1 

1 0 0 0 - 1 0 0 0 0 1 0 

1 0 0 - 0 1 0 0 г 0 
5511 0 I - 010 0 1 1 1 100 

1 oO 1 - 1 1 oO 1 1 1 1 0 


(c) A* - A'BC 'K Kd + A'BCK Kd + A'BCK' + АВ'С ' + AB'CKd 
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(d) For state assignment SO = 100000, S1 = 010000... and D flip-flops Оо0102Оз30405: 
Qo* = 0 
Qi* = Qo + QiK' + О1К4' + QsKd' 
Q+ = QiKKd + О, KKd' 
Оз: = 03:6 + Q3KKd' 
Q.* = Q3K' + Q4K' + QuKd' 
Q5* = Qo0KKd + Q3KKd + Q4KKd + QsKd 
У = О›ККЧ + Q3KKd + QuKKd 


Co = О! + О» + Qs 
Cı = Qı + Оз + Qs 
C2 = Qi + Q4 + Qs 


5.15 (а) 
module P5 15(Х1, X2, ХЗ, Clk, 71, 22, 23); 
input X1, X2, X3, Clk; 
output reg 71, 22, 23; 


reg [1:0] state, nextstate; 


initial begin 
state = 2'b00; 
nextstate = 2'b00; 
end 


always @ (state, X1, X2, X3) 
begin 
Z1 2150; 
Z2 = 1'b0; 
23 = 1'50; 
case(state) 
0: begin 
if(X1 == 1'bl) 
nextstate - 2'b01; 
else begin 
22 = 1'bl; 
if(X2 == 1'bl) 
23 = 1'bl; 
ЗЕ (ХЗ == 1'bl) 
nextstate = 2'b10; 
else 
nextstate - 2'b01; 
end 
end 
1: begin 
nextstate = 2'b00; 
А lb 
end 
2: begin 
if(X2 == 1'р1) 
nextstate = 2'b10; 
else begin 
Zl е АН 
if(X1 == 1'bl) 
nextstate = 2'b00; 
else begin 


Z3 = 1'bl; 
nextstate = 2!501; 
end 


end 
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епа 
default: begin 
end 
endcase 
end 


always @(negedge Clk) 


begin 
state <= nextstate; 
end 
endmodule 
(b) 
А В Xi X; ХА ДА" В Z Z5 7; 
$010 0 1 - - 0 1 0 0 0 
0 0 0 0 0 0 1 0 1 0 
0 0 0 0 1 1 0 0 1 0 
0 0 0 1 0 0 1 0 1 1 
0 0 0 1 1 1 0 0 1 1 
$110 1 - - - 0 0 1 0 0 
$211 0 - 1 - 1 0 0 0 0 
1 0 1 0 - 0 0 1 0 0 
1 0 0 0 - 0 1 1 0 1 
(с) 
Clock 
X1 | | | 1 1 1 
х2 | | | 
x3 | 
State 50 СО, То | jo 1 70 СЗ 
71 | | П | | | 
72 ] | I 
Z3 | I І І | 


5.16 (а) Block diagram is similar to Figure 5-33 with MUX inputs of 1, X1, X2, and X3; ROM outputs 
of Z1, Z2 and Z3; 2 bits for test, and 3 bits for the NST and counter. 


(b) 
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(с) 


State 0.00; | Test NST| ZI Z2 73 


50 000 01 10010 0 1 
502 001 11 111 0 0 0 
51 010 10 000| 0 0 0 
52 011 00 0001 0 0 0 
501 100 10 1010 0 0 
Sx 101 00 01 0 0 0 
503 110 00 010 1 0 0 
504 111 00 011 0 1 0 
(4) 
module P5 16(Х1, X2, X3, CLK, 71, 22, 23); 

input ХІ, X2, X3, CLK; 
output 71, 22, 23; 
reg [2:0] PST; 
reg [7:0] ROM [0:7]; 
wire [7:0] ROM Out; 
wire Load; 
initial begin 

PST = 3"5000; 

ROM[0] = 8'b01100001; 

ROM[1] = 8'b11111000; 

ROM[2] = 82510000000; 

ROM[3] = 8'500000000; 

ROM[4] = 8'b10110000; 

ROM[5] = 8'500011000; 

ROM[6] = 8'500010100; 

ROM[7] = 8'500011010; 
end 
assign ROM OUT - ROM[PST]; 
assign Z3 - ROM Out[2]; 
assign Z2 = ROM Out[1]; 
assign Z1 - ROM Out[0]; 
assign Load = (ROM Out[1] == 1'b0)? ((ROM Out[0] == 1'b0)? 1'b1 : X1) 


((ROM Out[0] 22 1'b0)? X2 : X3); 


always @(posedge CLK) 
begin 
if(Load == 1'bl) 


PST <= ROM Out[5:3]; // NST 
else 
PST <= PST + 1; 
end 
endmodule 
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5.17 (а) 


(b) 

QiQG9Q | TEST NSF NST | 21 Z2 23 
000 01 S4 53 0 0 1 
001 10 s2 50 lo о 0 
010 00 so solo o 0 
011 10 S2 55 [о 0 0 
100 1 Sl S6|0 0 0 
101 00 SI яч |1 0 0 
110 00 S2 s2 |O 1 0 


(с) 7х Пог8х 11 


(d) 25x5 


5.18 (а) 
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(b) 


State АВС | Test NSF NST |71 72 Z3 


50 000 01 010 001 
501 001 10 011 101 
503 010 11 110 101 
502 011 00 100 100 
51 100 01 101 100 
52 101 00 000 000 
53 110 10 101 000 


оооо о о 
нон 
=> 


(c) Block diagram is similar to Figure 5-29 with inputs of X; and Хо; PLA outputs of Zi, 72 and 73; 
and a 3-bit, 2-to-1 MUX to select NSF or NST. 


5.19 (a) 1. Only Moore outputs; 2. Only 1 decision box per state; 3. NSF for each state should be state 
+1 
(b) Same as Solution 5.16 (b) 


5.20 (а) 1. Only Moore outputs; 2. Only 1 decision box per state; 3. NSF for each state should be state 
+1 


(b) 


5.21 (a) Block diagram is similar to Figure 5-29 with MUX inputs of 1, X1, X2, and X3'; ROM outputs 
of Z1, Z2 and Z3; and 3 bits for the NST and counter. 
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(b) 


5.22 (a) 1. Convert Mealy outputs to Moore outputs; 2. Only one input tested per state 
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Addr | Test NSF NST |71 Z2 Z3 
50 00 53 5610 0 0 
93 11 51 51 1 0 0 
51 10 50 $4 | 0 0 0 
54 00 55 $2 |O 0 0 
55 11 50 50 |0 1 0 
56 01 57 $2 |0 0 0 
57 11 52 $2 |0 1 0 
52 11 50 So |0 0 I 


Test 00 — X1; Test 01 — X2; Test 10 — X3; Test 11 — 1 


(c) There are 8 address locations and each have 11 bits (2 test, 3 NSF, 3 NST, 3 outputs) so there 
are 8 x 11 bits needed. 


(d) 2? inputs are needed (2-bit FF state, 3 inputs) and 5 outputs are needed (2 for next state, 3 
outputs) so 2? x 5 bits. 


523 (a) 


000 


<>" фата 


(b) Test 00: 1; Test 01: ХІ; Test 10: X2; Test 11: ХЗ 


Addr | Test NST | ZI Z2 
000 10 100 
001 11 101 
010 11 010 
011 01 000 
100 | 01 001 
101 11 010 
110 | 00 011 


СО СО за Ба Сі 
оон о н Ree 
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(с) The circuit has 26 possible inputs (3-bit FF state, 3 inputs) and 5 output functions (3-bit next 
state, 2 outputs) so a 25 x 5 bit ROM is required. 


524 (a) For flip-flops AB, 
At = A'B'XiX5 + A'BX^' 
B* = A'B'Xi' + A'B'XiX5! 
Zi- A'B' 
Z2 = AB'Xi'X» 
Za = A'B'XiX5 + А'В 
74 = АВ" 


(b) 


(c) Test 00: 1; Test 01: X1; Test 10: X2; Test 11: X3 


Addr | Test NST | ZI 72 73 74 
000 01 100 1 0 0 0 

001 10 110 | 0 0 0 0 

010 10 011 0 0 1 0 

011 00 000 | 0 0 0 1 

100 10 111 0 0 0 0 

101 00 010 | 0 0 0 0 

110 00 O10 | O 1 0 0 

111 00 011 0 0 1 0 

(d) 22 states, 2 test bits, 3 NST bits, 4 outputs: 2? x 9 
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5.25 
РО, 50, ТО РО, S1, T1 P1, S1, T2 P1, S2, TO P1, 50, TO РО, 50, TO 


«4. --- јона еее 


5.26 
p= — 44 = 
(Ys Ya Yo Ys Ys Yo 
S 501 js! — i2 Js Хм 2 )0 c: — js С 
D ыл == Е үз 
5.27 (а) 
CLK 
X1 | | | | | 
х2 l І I І І 


(b) State Assignment: SO: 100; 51: 010; S2: 001. For D flip-flops QoQiQ»: 
Qot = QoXi' + Q2 
Ог = Qo X1+ Qi В 


Q*=Q:B 
А = Ов Xi 
= О» 


120 


© 2016 Cengage Learning. АП Rights Reserved. May not be scanned, copied or duplicated, or posted to а publicly accessible website, in whole or in part. 


5.28 (а) 


53/23,74 


Note: К = Reset 
(b) State Assignment: SO: 00; S1: 01; 52: 10; 53: 11. For D flip-flops AB: 


A* = A'BN + A'D + AB'R' + AB'N + BD 
B* = B'D'N + A'BN'R' + A'BDN' + АВО 


A B D М КДА" B Ж ZA 7» 7» Z 
5010 0 0 0 -;0 о 1 0 0 0 0 
0 0 0 1 - |0 1 1 0 0 0 0 
0o 0 1 - - 1 0 1 0 0 0 0 
5110 1 0 0 0;0 1 O 1 ооо 
0 1 0 0 1|)0 0 1 1 0 0 0 
0 1 - 1 - 1 0 01 0 0 0 
0 1 1 0 - 1 1 0 1 0 0 0 
52|1 0 0 0 0;1 0 0 0 1 0 0 
1 0 0 0 11|0 0 1 0 1 0 0 
1 0 0 1 - 1 1 0 0 1 0 0 
10 1] - - I 1 0 0 1 0 0 
53|1 1 - - -|0 0 0 0 0 1 1 


(c) A 32 x 7 ROM is required because there аге 5 inputs and 7 outputs. 


121 


© 2016 Cengage Learning. АП Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


(d) 


53/23.74 


(е) Test 00: D; Test 01: М; Test 10: В; Test 11: 1 


State Addr | Test NST | ZO 71 72 73 ZA 
So 0000] 00 оит о ооо 
SA 0001| 01 00110 0 0 0 0 
SB 0010| 00000 0 0 0 0 
S1 001| 011 01|0 1 0 0 0 
SC 0100] 00 00 0 0 0 0 
SD 0101| 10 0000 0 0 0 0 
SE 00 ПІ 000 0 0 0 0 
52 0111] 00 101|0 0O 1 0 0 
SF 1000| 0 100 0 0 0 0 
SG 1001| 10 100010 0 0 0 0 
SH 1010} 11 0111| O 0 0 0 0 
S3 1011} 11 0000|0 0 0 1 1 
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Chapter 6: Designing with Field Programmable Gate Arrays 


6.1 (а) ACells, if М is used as the clock enable. When М = 1 then 
Хи =S'Do+S Xi (3 variable function) (two 3 variable functions 
Xi*=S'Di +S Xo (3 variable function) will fit into one cell) 
If the clock enable is not used each bit requires a separate cell: 8 cells total. 
Хи =NS'Do+NS Xi+N' Хо (5 variable function) 


(b) 


X Function 
Generator 


LUT4 


Y Function 
Generator 


LUT4 


(c) X function generator output = Хо = S' Do + S Xi 
Y function generator output = X;* = 5' Dı + S X2 


62 (а) Ол = En (Ld U + Ld' Qao) + Еп Qao = En (X) + Еп Оло 
Ол = En (Ld V + Ld' (Оло © Ол!) + En’ Ол! = En (У) + Еп Од: 


(b) 


X Function 
Generator 


LUT4 


Y Function 
Generator 


LUT4 


Х =Ld U +14 Оло 
У =Ld V +14 (Оло © Qa) 


63 (а) Q+ =EN' Q: + EN (Ld D2 + Ld' Оз) 
О = ЕМО, + EN (Ld Di + Ld' О») 
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Ос = ЕМ Qo + EN (Ld Do + Ld' Qi) 
(b) Two cells 


(с) Y=LdD3+Ld' Si 
X = Ld D2 + Ld’ Оз 


X Function 
Generator 


6.4 (a) The next state equation of О! сап be implemented using the X function generator with the inputs 
К, S, Qi, and О». The next state equation of О» can be implemented using ће Y function 
generator with the inputs Т, Qi, and О». The output Р can be implemented using the Z function 
generator with the inputs T (C input) and the X function generator. 


(b) 


Z Function 
Generator 


LUT3 


Generator 


LUT4 


3» = Programmable МОХ 


6.5 (а) М = S2'S1'So'lo + S2'SI'Sol; + 82518500 + S2'SiSol3 + $29150 [4 + S281'Sols + $29150 [6 + 525165017 


The 8-ю-1 МОХ can be decomposed into seven 2-to-1 MUXes, and implemented in four Figure 
6-1(a) logic blocks. 
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М = So'Mx + SoMy 
М; = $! М, + SIM 
Му = Sr’ M3 + 51М4 
Mi = $010 + Soli 
М» = So'l + Sols 
Мз = So'l; + Sols 
М4 = $01 + 501) 


The X and Y functions for each block each implement one 2-to-1 mux as labeled: 
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Mx 


(b) Three 2-ю-1 MUXes (ог a 4-ю-1 тих) can be implemented in each Figure 6-3 logic block. In 
total, three blocks are required to implement seven 2-ю-1 MUXes. The X, Y, and Z function 
generators for each block implement a 2-to-1 MUX as labeled: 


Z Function 
Generator 


LUT3 


Generator 


LUT4 


Z Function 
Generator 


LUT3 


Generator 


LUT4 


Generator 
Z Function 


LUT4 Generator 


LUT3 


Generator 


LUT4 


(с) Each function generator used implements a 2-ю-1 mux, апа has the same LUT contents: 
0, 1,0, 1, 0,0, 1, 1, 0, 1,0, 1, 0, 0, 1, 1 


(d) Each function generator used implements a 2-to-1 mux 
X апа Y LUT4s have 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 1, 1, 1, 1, 1,1 
Z LUT3s have 0, 0, 1, 1, 0, 1, 0, 1 (Consider С as MSB, У as LSB) 
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6.6 (а) module Figure6 1а(Х in, Y іп, сік, СЕ, Ox, Oy, X, Y, XLUT, YLUT); 
input [1:4] X in, Y in; 
input clk, CE; 
input [0:15] XLUT, YLUT; 
inout X, Y; 
output Ox, Oy; 


reg Ox, Oy; 
wire [1:4] X Index, Y Index; 


initial begin 


Ох = 1'b0; 

Оу = 1150; 
епа 
assign X Index = (X in[4], X in[3], X in[2], X 11[1]}; 
assign Y Index = (Y in[4], Y in[3], Y in[2], Y 11[1]}; 


assign X = XLUT[X Index]; 
assign Y - YLUT[Y Index]; 


always @(posedge clk) 


begin 
if(CE == 1'bl) begin 
Ох <= X; 
Оу <= Y; 
епа 
епа 
endmodule 


(b) moduie LUT Mux(IO, I1, I2, I3, SO, S1, M); 
input ІО, I1, I2, ІЗ, 50, S1; 
output M; 


wire Qxl, Qyl, 0х2, Oy2, ММ; 
wire [1:4] inl, in2, in3; 
wire M1, M2, Mout; 


assign inl (I0; Il, S0, I'b0]; 
assign in2 = 112, ІЗ, 50, 1'00}; 
assign in3 = (M1, M2, S1, 1'00}; 
assign M - Mout; 


Figure6 la BO(inl, in2,1'b0, 1'00, 0х1, Qyl, М1, M2, 
16'50101001101010011, 
16'50101001101010011); 
Figure6 la Bl(in3, 4'b0000, 1'b0O, 1'b0, 0х2, Оу2, Mout, ММ, 
16!50101001101010011, 
16'b0000000000000000) ; 


endmodule 


6.7 (a) module Figure6 3(Х іп, Y іп, clk, СЕ, С, Ох, Oy, X, Y, XLUT, YLUT, 
ZLUT, 


SA, SB, SC, SD); 
input [1:4] X in, Y in; 
input clk, CE, C; 
input [0:15] XLUT, YLUT; 
input [0:7] ZLUT; 
input SA, SB, SC, SD; 
output X, Y; 
output reg Ox, Oy; 
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initial begin 


Ох = 1'b0; 
Оу = 1150; 
епа 


міге [1:4] Х Іпдех, У Тпаех; 
wire [1:3] 2 Index; 


міге Х іпі, Ү 1 


nt, 


Z int; 


wire MuxA, MuxB, MuxC, MuxD; 


assign X Index 
assign Y Index 
assign 7 Index 
assign X int - 
assign Y int 
assign 7 int 


assign MuxA = 
assign MuxB - 
assign MuxC = 
assign MuxD = 


[ 
X 
с 
м 
UJ 


assign X = 
assign Y - MuxD 


XLUJ 
YLUJ 
ZLUT 


{Х_1п[4], X in[3], X in[2], X in[1]}; 
(Y in[4], У in[3], Y in[2], У in[1]} 
(Y int, X int, С); 


n 


n 


, 


[X Index]; 

[Y Index]; 

[2 Index]; 
1'b0)? X int : Z int; 
1'b0)? X int : 2 int; 
1'b0)? Y int : Z int; 
1'b0)? Y int : 4 int; 


always @(posedge clk) 


begin 
if(CE == 1'bl 
Ох <= MuxA; 
Oy <= MuxC; 
end 
end 


endmodule 


) begin 


(b) module Code Converter (X, clk, 2); 


input X, clk; 
output 2; 


wire 01, 02, 03 
wire [3:0] D in 
wire T1, T2, T3 


, 201%; 


, 


„Та; 


assign in = (X, 01, 02, 03}; 


assign 7 = Zout 


Figure6 3 BO(D 


, 


in, 


D in, сік, 1'61, 1'50, 03, Q2, ТІ, Т2, 


16'b0001111111000000, 
16'b0110000001000000, 8"500000000, 1'5b0, 1'bO, 1'50, 
1'b0); 


Figure6 3 B1(D 


in, 


D in, clk, 1l'b1, 1'Ъ0, O1, ТЗ, T4, Zout, 


16'b1010001110000000, 
16'b1010010110011000, 8"500000000, 1'60, 1'bO, 1'50, 
1'b0); 


endmodule 


6.8 (а) А 4-to-16 decoder requires 16 outputs, and each function needs no more than 4-variables. 8 
Figure 6-1 (a) logic blocks are required. 


(b) X-Function LUT: 1 
Y-Function LUT: 0, 1, 
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6.9 (а) 4 logic blocks are required, 8 LUT4’s (See Figure 3-6 for truth table). 
а = n; + 06 + ns +04 
bı = n5'n4' (n3 + n2) 
Ь = n7 + ne + bl 
СІ = 05 + n4'n3 + n4'n?'ni 
c=n7+necl 
dı = n3 + n2 + 01 + по 
d2 = n7 + 06 + 05 + n4 


d= а» + di 
(b) F =a, Хз = пу, X2 = п, Ху = n5, Xo = n4 G = bi, Уз = п, Үз = ng Ү = пз, Yo = n 
Хз Х Х| Xo |F У. Yo Yı Yo|G 
0 0 0 0 |0 0 0 0 0 |I 
0 0 0 1 1 0 0 0 1 1 
0 0 1 0 |I 0 0 1 0 |I 
0 0 1 1 1 0 0 | 1 1 
0 1 0 0 |I 0 1 0 0 |0 
0 1 O0 1 1 0 1 0 1] |0 
0 1 1 0 |1 0 1 1 0 |0 
0 1 1 1 1 0 1 1 1 0 
1 0 0 0 |I 1 0 0 0 0 
1 0 0 1 1 1 0 O 1 0 
1 0O 1 0 |I 1 0 1 0 0 
1 0 1 1 1 1 0 1 1 0 
1 1 0 0141 1 1 о 0 |0 
1 1 0 1 1 1 1 0 1 0 
1 1 1 0 1 1 1 1 0 |0 
1111 |1 1 1110 


6.10 Expanding Е around X; results in 4 variable functions which can be realized using one function 
generator each. 


Е- Xs (Хы X» Хз + X» Хз X4 + X» Хз X4) + Хе (X? Хз X4 + X» Ху X4 + X3 X4 Xs) + X; 
F = X6 (Fi) + Хе (F2) TX, 


For block one: X LUT has inputs Ху, X2, Хз, and X4 and realizes F; = Xi' Xo Хз + Xo Хз Хи + X2 Хз 
X4. 
Y LUT has inputs X», Хз, X4, and X5 and realizes F2 = Х Хз Xa + Xo Хз Хи + Хз X4 X5 


For block two: X LUT has the outputs of block one's X LUT (Е!) and Y LUT (Р), Xs, and X; as 
inputs. The X LUT realizes Е = X6 (Fi) + Xe' (Gi) + X7. The Y LUT is unused. 


6.11 Expanding Q* around U О results in 4 variable equations which can be realized using one function 
generator each. 


Q*'ZUQ(VW-XY-*VW)-UQ'(VX'Y'-VY-XY-«V'X) 
Q+ = U Q (Ха) + U' Q'(Y func) 


Mark connections in a manner similar to Problem 6.175 solution. 
For block one: X LUT has inputs V, W, X, and Y and realizes V' W + X' Y + V W' 
Y LUT has inputs V, X, and Y and realizes V X' Y'+ VY +X Y+V'X 
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For block two: X LUT has U, О, and block one's Хаш and Уһ as inputs and realizes 
Q+ = U Q (X func) + О Q'(Y func) 


6.12 To realize the next-state equations, we need to use at least four Kintex logic slices (Figure 6-13). 
One Kintex logic slice is 4 CLB. Therefore, only 1 СІВ is needed. 


AMUX/AQG 


AMUX/AQ 


AMUX/AQ 


Cout 


AMUX/AQ 


оз 


6.13 Опе cell. Expanding around Xs results іп 4 variable equations which can be realized using one 
function generator each and X5 can be used as the C input. 


Х- Xs (X! X» Хз X4 + Xi X23 Хз Ха) + Xs (Xs X3 Хе Хо + Хе Хч Xs Xo) 
Хас = (Xi! X2 Хз X4! + X1 X2 Хз Ха) 

Үшет (Xs X4 Xg' Xo + Хе X; Хз Xo) 

Zine = Xs (Хис) + Xs (Y func) 
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7 Function 
Generator 


LUT3 


Generator 


LUTA 


6.14 


6.15 (a) Expanding Z around Y results in 4 variable equations which can be realized using one function 
generator each. 
Z-Y(VW'X-UVW)-Y(VWX-«TV'W) 
Z= Z func =Y (Ханс) +Ү' (Y tunc) 
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Implement internal logic cell connections in a manner similar to Problem 6.12 Solution with U, 
V, W, and X as inputs to the X-function generator, T, V, W, and X as inputs to the Y -function 
generator and Y as the C input. 


(b) The original equation can be implemented as follows: 


Block 1: X-LUT has inputs О, V, W, X and realizes У W' X + U' V' W 
Y-LUT has inputs T, V, W, X and realizes V W' X + TV'W 


Block 2: X-LUT has Y and Block 175 Xfunc and Yfunc as inputs and realizes Z = Y (Ха) + Y' 
(Y tunc) 
Y-LUT is unused 


Е- Хе (Хы Х„Х»' X4 + Хх, X4 + Хз Х4 Х5 + Xi X3) + Хе (Хх Хз X4 + X2 X4 + Хз X4 + Xi X3) 


Ү- a'b'Y oo + a'bYoi + ab'Y о + abYi 


Yoo = Y a=0,b=0 = сае + c'def 

Yor = Yaz=0,b=1 = сіе? + cdef' + c'de'f 

Yio = Y a=1,b=0 = cde'f + cd 'ef ' 

Уи = Yazip=1 = cde + cde'f + cdef ' + cd 'e'f 


Yoo 
LUT4 


Ф 


P -a'b'Y, +аЪУ\„, 


фор -0 Qn 


LUT4 |. — У=Р+О 


Q - ab'Y,, + abY,, 


ооо коо о 


132 


© 2016 Cengage Learning. АП Rights Reserved. Мау not be scanned, copied or duplicated, or posted to а publicly accessible website, in whole ог in part. 


6.18 Ү-ет! Yoo +e'f You +ef' Yio + efY 11 


Yoo = 0 

Yor = abcd 

Ую=а' be'd ' + b'c' 
Y, = ab'cd + a'bc'd' 


Y=P+efY,, 


an ov ас Tf 


Үн 
LUTA 


6.19 (a) У=а (bc'd'e  b'c'e) + a (b'cd'e + b'c'e + bede) = a' (Y1) + a (Y2) 
Y1 = bc'd'e + b'c'e 
Y2 = b'cd'e + b'c'e + bede 


ос со 


(b) 
b 
С 
а Z Function 
Generator 
e 
LUT3 
b 
с Generator 
d LUT4 
e 


1» = Programmable МОХ 
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(с) 


bcde YI (Хһ) Y2 (Y func) 
0000 0 0 
0001 1 1 
0010 0 0 
0011 1 1 
0100 0 0 
0101 0 1 
0110 0 0 
0111 0 0 
1000 0 0 
1001 1 0 
1010 0 0 
1011 0 0 
1100 0 0 
1101 0 0 
1110 0 0 
1111 0 1 
а Хь Y tunc Zeune 

000 0 

001 0 

010 1 

011 1 

100 0 

101 1 

110 0 

111 1 


6.20 (а) Eight LUTs are required. Each bit of the adder requires one LUT to generate the sum and one 
LUT to generate the carry-out. 


(b) Four LUT4s are required. Each bit of the adder requires one LUT4 to generate the sum. 
Dedicated carry chain logic generates the carry-out. 
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(с) When Su is 1, the circuit should add а to the 275 complement of b by inverting each bit of b and 
setting bit 0’s Cin to. 


Each bit will have the same output function: 


n 
= 
2 
S 
a 
5 


Out; 


алалы (CD ОО СС OO 


----оососо----осоосо(в 
--ос--оо--оое-е-оо 
нонононононононе 
-ноеоноонн-ноононно 


Out; = Su'a;'b;'Cin + Su'ai'biCin' + иа: С + Su'ajbiCin + Suai'bi'Cin' + Sua;'biCin + биа С + 
Sua;b;Cin' 
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а, Programmable 5; 
5, 
5и 

Dedicated 

Carry Chain 
a, Programmable s, 
b, 
Su 

Dedicated 

Carry Chain 
a, Programmable 5, 
b, 
Su 

Dedicated 

Carry Chain 
a, Programmable s, 
b, 
Su 


Dedicated 
Carry Chain 


Programmable Carry-Out 
LUT 


Dedicated 


Carry Chain 


теста 20 '_ 1-1 
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6.21 (а) 14 cells total. 


(b) 14 cells total: 6 for adders апа 8 for AND gates but propagation delay is less. 


1 CELL FOR EACH 
TWO AND GATES 


Xy? 


X3Yo Хо XiYo | Xfo 


622 (а) Z=A\(BC'D'EF'+B'C'E'F+BC'E'F')+A(B'CD'E'F+B'C'E'F+ BCDE) 
Z = A'(Zo) + A(Zi) 


Zo = D'(Yoo) + D(Yo1) 
Yoo = BC' EF'+ B'C'E'F+BC'E'F 
Yo. =B'C'E'F+BC'E'F' 


Zi = D'(Y10) + D(Y11) 


Yio=B'C'E'F+B'CE'F 
Уи =В'С 'Е 'Е + ВСЕ 
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(b) 


Control 
Logic 


Control 
Logic 


Control 
Logic 
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6.23 (а) No solution available 


(b) 


(c) 


| 
Бы (Flash connection) 
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(4) 


| 
үе (Flash connection) 


6.24 Тһе possible functions are bolded below: 


i) 


АП 32-variable functions 
Some 32-variable functions 
АП 8-variable functions 
Some 8-variable functions 
All 7-variable functions 
Some 7-variable functions 
All 6-variable functions 
Some 6-variable functions 
АП 36-variable functions 
Some 36-variable functions 
АП 39-variable functions 
Some 39-variable functions 


6.25 Тһе sequential circuit requires 3 Virtex slices. For the first slice, the С inputs are Q2, C, D, and E (С 
= О, C D E). The Е inputs are О», A, B, and C (Е = О» A B C). The BX input is Q1. Then the X flip- 
flop implements the Qi flip-flop. Also, if the FXA input is 1, the FXB input is 0, and the BY input is 
Qi, then the Y flip-flop implements О». For the second slice, ће С inputs аге Q2, A, and B (С = Q^ 
A B + О А' В”). The F inputs are Qo, A, B, and C (F = Q?' A B' + О» (A' + B + С)). The BX input is 
Qı. Then the output to the Fs MUX implements 71. For the third slice, the С inputs аге Qi, Q2, А, 
and В (G = Qi А + Qi B + О»). Then the Y combinational output implements 42. 


6.26 


6.27 


(a) No solution provided 


(b) No solution provided 


Stratix V logic module is similar to Stratix IV logic module, except that there are four flip flops 
existing per logic module instead of the two in Stratix IV. 
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6.28 
А[31:16] B[31:16] А[15:0] B[31:16] A[31:16] В[15:0] A[15:0]  B[15:0] 


ЕЕ 


16х16 16х16 


16х16 16х16 


Multiplier Multiplier Multiplier Multiplier 


[31:16] [15:0] | 
[15:0] [31:16] 
[31:16] [15:0] 


16 16 16 16 


Product[63:48] Product[47:32] Product[31:16] Product[15:0] 


6.29 (a) 


A Shifted (multiplier[15:0]) 


(b) module P6 29b(A, М, А Shft); 
input [15:0] A; 
input [0:15] N; 
output [15:0] A Shft; 


wire [15:0] decoder out; 
wire [31:0] mplier out; 


assign decoder out = (16'b0000000000000001) << м; 
assign mplier out = A * decoder out; 
assign А Shft = mplier out[15:0]; 

endmodule 
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(с) 
А Shifted (multiplier[30:15]) 


A 15-N 


module Рб 29c(A, М, A Shft); 
input [15:0] A; 
input [0:15] N; 
output [15:0] A Shft; 


wire [15:0] decoder out; 
wire [31:0] mplier out; 


assign decoder out = (16'b0000000000000001) << (15 - №; 
assign mplier out = A * decoder out; 
assign A Shft = mplier out[30:15]; 

endmodule 


6.30 50: 00010:Оз = 1000, Sı: 0100, S2: 0010, 53: 0001 


Qo* = 500 + Оз 

Qi* = StQo + 'М 'О, + 'Q2 
Qo* = МО! 

Оз" = KM Qi + КО» 

Load = 5100 

Done = Оз 

Sh = МО, + О» 

Ad = MQ, 


6.31 50: 00010203040506 = 1000000, Sı: 0100000, S2: 0010000, ӛз: 0001000, S4: 0000100, Ss: 
0000010, 
56: 0000001 


Qo* = St'Qo t СО, +С "06 
О" = 50% 

Оз" = О: 

Q3* = О» 

О = Оз 

Qs* = C 'Q4 + K 'C 'О; + СО» 
Ов = КС 'Qs + CQ6 

Rdy = Qo 

Ldu = StQo 

Lds = StQo 

Ldl = О, 

Ldd = Q2 

Sh = Q; + C 'Q4 + C 'Qs 
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6.32 


6.33 


6.34 


6.35 
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Su = CQ; + СФ 
V = СО; 
Cml = С О,-:06 


For бо = 0000000, change all instances of Qo in above equations to Оо: 


Ос = St’ Оо + CQ4 + С 'Qe 
Qi* = StQo' 


Вау = О, 
Ldu = StQo' 
Lds = StQo' 


All other equations unchanged 


So: Q3Q;QiQo = 0000, Sı: 1100, S2: 1010, ӛз: 1001 


To create a one-hot encoding, if Оз is О in the reset state it must be 1 in all other states. 


(а) Qo* = X2 Qi + X4 Оз 
О" = X1 Qo 


Qo* = Хи Qo + X2' Qi + Хз Q2 + Хе Q3 


Q3* = Хз Q2 


(b) 5 Total: 


1 Slice: Qo (опе LUT4 and FF), О. (one LUT4 and FF) 


2.5 Slices: Q2: (each AND term in one half-slice, one half-slice combines 4 product terms, one 


FF) 


1 Slice: Оз (one LUT4 and FF), Zi (one LUT4) 


1% Slice: 72 (one LUT4) 


Z1 = Оо+ Q» 
Z2 = Qı + Оз 


To ensure proper synthesis, amend the code for Figure 4-15 as follows: 
- Within the first process, ensure that all If-Then statements include an Else portion. 


Using the Xilinx ISE, targeted for a Spartan 3 FPGA: 


Max Speed: 188.656 MHz 


Settings Figure 4-35 Figure 4-40 

Goal: Speed 25 Slices 13 Slices 

FSM Encoding: Auto 11 Flip-Flops 14 Flip-Flops 
47 LUT4s 24 LUT4s 


Max Speed: 194.714MHz 


Goal: Area 
FSM Encoding: Auto 


25 Slices 

18 Flip-Flops 

45 LUT4s 

Max Speed: 146.307MHz 


13 Slices 

21 Flip-Flops 

23 LUT4s 

Max Speed: 110.252MHz 


Goal: Area 


FSM Encoding: One-Hot 


25 Slices 

18 Hlip-Flops 

45 LUT4s 

Max Speed: 146.307MHz 


13 Slices 

21 Flip-Flops 

23 LUT4s 

Max Speed: 110.252MHz 


Goal: Area 


FSM Encoding: Compact 


25 Slices 

18 Hlip-Flops 

45 LUT5s 

Max Speed: 146.307MHz 


13 Slices 

21 Flip-Flops 

23 LUT4s 

Max Speed: 110.252MHz 
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Figure 4-40 uses fewer resources then Figure 4-35, and each synthesis option uses about the same 


amount of resources. The solution to this problem may change depending on what synthesis tool 
and target device is used. 


6.36 (a) А 4-to-1 ших for each bit of b: 


1 1 


(b) Gate network: 


b, 
а, 
А; Ao | В: Bo 
0 0 1 1 
0 1 1 0 
1 0 0 1 
1 1 0 1 


By inspection, Bı = А! апа Bo = А! + Ao’ 


6.37 (а) Arithmetic Right Shift register : 


(b) 
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СІ CO|DI DO 


0 0 1 1 
0 1 1 0 
1 0 0 0 
1 1 

DO = С1'СО' 


О1=С1|' 


(с) 


4-Bit 
Arithmetic 
Right Shifter E 


6.38 (а) Naive implementation uses an 8-to-1 mux, 3 inverters (for not A), a 3-bit adder, and a 3-bit 
register. The arithmetic right shift can be accomplished by feeding in С>С2С1. 


Co Ad Sh 


An alternate implementation is possible if Co, Ad, and Sh will not become active at the same 
time: use 3 tri-state buffers with tri-state controls Co, Ad, and Sh instead of the mux. 


(b) The circuit is a basic ALU, with register. If Co is true, A is complemented and loaded into 
register C. If Ad is true, A and B are added and loaded into C. If Sh is true, C is shifted right by 
1. Sh has the highest priority, followed by Ad, and then by Co. Note that else clauses are not 


used. 


145 


© 2016 Cengage Learning. АП Rights Reserved. Мау not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


6.39 (а) Unoptimized: Two 4-ю-1 muxes 


о = о 
с 
с 


а, а, а, а, 


Optimized: 1 inverter. Write truth table and reduce as follows: 


ai ao | bi bo 
0 0 1 0 
0 1 0 0 
1 0 1 1 
1 1 0 1 
bi = ао’ 
bo = а! 


(b) 
result 


6.40 
6.41 
Аз 
А, 
Ао 
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7.1 


7.2 


7.3 


7.4 


7.5 


7.6 


Chapter 7: Floating-Point Arithmetic 


(a) 0.875 x 27 = 112 

(b) -1x 27 = -128 

(с) (2223) x 2127 3.4 х 1038 
(d) -2— 223) х 2127 = -3.4 х 10% 
(е) (0—25?) х 2193 = 1.8 x 10308 
(f -2-253 x 21923 = .1.8 x 10308 


Gi) 41СА0000 
(ii) ^ 44FA0800 
(iii) 32800000 
(iv) 00000000 
(v) 447А0000 
(vi) 45ЕА0000 
(vii) 49742400 
(viii) COACCCCC 
(ix) 7Е800000 
(x) 4ЕВ2р05Е 


(i) 4039400000000000 
(ii) 409Е410000000000 
(iii) | 3FF0000000000000 
(iv) 0000000000000000 
(v) |408F400000000000 
(vi) | 40BF400000000000 
(vii) 412E848000000000 
(viii) C01599999999999 A 
(ix) 3730000000000000 
(x) | 41D65A0BC0000000 


(i) -1.3411764 x 2 
(1) 1.5411764 x 2!! 
(iii) NaN 

(іу) 0 

(v) 1.1333333 x 2-93 
(уі) 1.0078431 x 2-125 


(1) -1.7294111251831055 x 237 
(Ш) 1.3294115066528323 x 28 
(iii) NaN 

(іу) 0 

(v) 1.0666666626939332 x 27750 
(уі) 1.0627450980392157 x 2:1%7 


(a) C20D0000 
(b) -1.6015625 x 2^? 
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77 (а) 41CD0000 
(b) С1799999 


Е: 8-bit shift register 
E: 4-bit counter 


FZ: Fiszero 

Fnorm: F is normalized 
LSR: shift F left 

L7: load 7 into E 

LMB8: load minus 8 into E 
Dec: decrement E 

Done: normalization is done 


7.8 (а) 
LSR 
Fnorm Control LM8 
St Dec 
Done L7 
LM8 
Dec 
Algorithm: Step 1) Load integer and set Е=7. 
Step 2) If F=0, set E=-8 and Done. 
Step 3) Repeatedly shift F left and decrement E until F is normalized. 
Example: F E 
1.1100101 (-27/128) 7 -27 - -27/128 x 27 
1.1001010 (-54/128) 6 Ist left shift. 
1.0010100 (-108/128) 5 2nd left shift. 
(b) 
StFZ' / L7 
st StFZ / LM8 
SOON / LSR, Dec 
FZ / Done 
Fnorm / Done 
(c) 


module Prob7 8(CLK, St, Е, E, Done); 


input CLK, St; 
inout [7:0] F; 
inout [3:0] E; 
output reg Done; 


wire Fnorm, FZ; 
reg state, nextstate; 
reg L7, LM8, LSR, DEC; 
reg [7:0] Ftemp; 
reg [3:0] Etemp; 


initial begin 
state = 1'b0; 
nextstate = 1'b0; 


Ftemp = F; 
Etemp = E; 
end 


assign FZ = (F == 8'b00000000)? 1'b1 : 1'50; 


assign Fnorm = (Е[7] != F[6])? 1'bl : 


Ftemp; 
Etemp; 


assign F 
assign Е 


always @(state, Fnorm, FZ, St) 
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Бедіп 
L7 


da 


8 
LSR 
DEC 
Done 
case(s 
0: 


al 


'b0; 
1'50; 
1'50; 
1'50; 
1'50; 
tate) 


begin 
if(St 
nextstate 


== 1'01) begin 
1'51; 


if(FZ == 1'01) 
LM8 1'b1; 
else 


L7 


Tp; 
end 
else 
nextstate 
end 
1: begin 
if(Fnorm == 1'bl 
Done Ebley 
nextstate 
end 
else begin 
LSR = 1'bl; 
DEC pi? 
nextstate 
end 
end 
endcase 
end 


= 1'b0; 


|| FZ == 1'bl) begin 


1'b0; 


l'b1; 


always @(posedge СІК) 
begin 
state <= nextstat 
if(LSR == 1'01) 
Ftemp <= {Ftemp[6:0], 
if(DEC == 1'bl) 


, 


1'50}; 


Etemp <= Etemp - 4'00001; 
else if(LM8 == 1'bl) 
Etemp <= 4'b1000; 
else if(L7 == 1'01) 
Etemp <= 4'b0111; 
end 
endmodule 


7.9 (а) 1.) Add Exponents Е- 1000 
2.) Multiply Fractions Е = 0.100011 
3.) Check for exponent overflow Exponent overflow has occurred 
(b) 1.) Add Exponents Е- 1000 
2.) Multiply Fractions F= 1.100010 


3.) Normalize Е- 1.000100, E=0111 
4.) Check for exponent overflow Exponent overflow has occurred 
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7.10 (а) (0.000 x 2:5) x (-4) = (should result in no change) 
(0.1 x 25) x (-4) = 1.1 x 2*? = 1.0 x 25! (could cause exponent overflow) 
(1.0 x 25) x (-4) = 1.0 x 2*? (should be +1, so fraction overflow) 
= 0.1 х 2*? could cause exponent overflow) 


(b) 
RS 
LS 
St —»| Control Xinc 
RS Xinc Xdec 
Ls F (4-bit) Xdec E (4-bit) Add2 
Add2 
(c) 


St: start 

FZ: fraction is zero 
Add2: add 2 to E 

FV: fraction overflow 
RS: shift F right 

Xinc: increment E 
Norm: fraction is normalized 
LS: shift F left 

Xdec: decrement E 

EV: exponent overflow 
V: overflow indicator 


51/ 52 / Done 
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7.11 (а) 


(оға 


ІМРОТ 


(оға Sh 
St StM M or B(0) Mult AhSh 
Mdone SM8 StM Control Cm 
FZ Main RSF = Inc Mdone 
FV Control LSF = Dec 
Fnorm Done 
EV V 


FA FA = 1 for fractional addition 
FA - 0 for exponential addition 


(b) SM chart is similar to Figure 7-8 with added states for loading. 


(c) 
"define M B[0] 
module Prob7 11(CLK, St, Input, Fout, Eout, V, Done); 
input CLK, St; 
input [3:0] Input; 
output [6:0] Fout; 
output [3:0] Eout; 
output reg V, Done; 


wire [4:0] dbus, addout, Muxl, Mux2; 

wire [3:0] compNum; 

reg [3:0] A, B, C; 

reg [4:0] X; 

reg [3:0] Y; 

reg Load, CLRA, LdB, LdC, LdX, LdY, RSF, LSF, FA, StM, SM8; 
reg Mdone, Sh, AdSh, Cm; 

wire FZ, FV, Fnorm, EV; 

reg [2:0] state, nextstate; 

reg [2:0] mState, mNextState; 


initial begin 

state = 3'b000; 
nextstate = 3'b000; 
mState = 3'b000; 
mNextState = 3'b000; 
A = 4'b0000; 

В = 4'b0000; 

С = 4'b0000; 

X = 5'b00000; 
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У = 4'b0000; 


епа 

assign dbus = (Load == 1'b1)? ((Input[3], Input}) : (addout); 
assign compNum = (Cm == 1'b1)? 4C : C; 

assign Muxl = (FA == 1'b1)? ((compNum[3], compNum}) : X; 


assign Mux2 = (FA == 1'b1)? ((A[3], A}) : ({Ү[3], Y}); 
assign addout = Мих1 + Mux2 + ((3'5000, Cm}); 

assign Fout = (A[2:0], В}; 

assign Eout = X[3:0]; 


assign EV = (X[4] != X[3])? 1-51: 1-50; // exponent overflow 
assign FZ = (А == 4'b0000)? 1'b1 : 1'b0; // zero fraction 
assign FV = (A[3] != A[2])? 1-51: 1-50; // fraction overflow 
assign Fnorm = (A[2]!= A[1])? 1'b1 : 1'50; // fraction normalized 


always @(mState, `M, StM) 


begin 
AdSh = 1'5b0; 
Sh = 1'b0; 
Cm = 1'b0; 


Mdone = 1'50; 
mNextState = 3'5b000; 
case (mState) 
0: begin 
if(StM == 1'bl) begin 
mNextState = 3'b001; 
if(^M == 1'01) 
AdSh = 1'51; 
else 
Sh = 1'b1; 
end 
end 
1, 2: begin 
mNextState = mState + 3'b001; 
if(^M == 1'01) 
AdSh = 1'51; 
е1зе 
Sh = 1'b1; 
end 
3: begin 
mNextState = 3'b100; 
if(^M == 1'bl) begin 


Cm = 1'b1; 
AdSh = 1'51; 
епа 
е1зе 
Sh = 1'b1; 
end 
4: begin 
Mdone = 1'b1; 
end 
default: begin 
end 
endcase 


end 


always @(state, St, FZ, FV, Fnorm, EV, Mdone) 
begin 

Load = 1'b0; 

CLRA = 1'5b0; 


LdB = 1'b0; 
тас = 1'b0; 
тах = 1'b0; 
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Һау = 1'b0; 
RSF = 1-50; 
LSF = 1'b0; 
У = 1'bo; 
Done = 1'b0; 
StM = 1'50; 
SM8 = 1'50; 
FA = 1'00; 
case (state) 
0: begin 
if(St == 1'bl) begin 
Load = 1'b1; 
CLRA = 1'b1; 
nextstate = 3'b001; 
end 
else 
nextstate - 3'b000; 
end 
1: begin 
Load = 1'b1; 
LdC = 1'bl; 
nextstate - 3'b010; 
end 
2: begin 
Load = 1'b1; 
LdX = 1'b1; 
nextstate = 3'b011; 
end 
3: begin 
Load = 1'b1; 
Тау = 1'b1; 
nextstate = 3'b100; 
end 
4: begin 
LdX = 1'b1; 
nextstate = 3'b101; 
end 
5: begin 
FA = l'bl; 
StM = 1'bl; 
nextstate = 3'b110; 
end 
6: begin 
if(Mdone == 1'bl) begin 
nextstate = 3"5111; 
FA = 1'b0; 
if(FZ == 101) 
SM8 = 1151; 
else if (FV == 1'01) 
RSF = 1'bl; 
else if (Fnorm == 1'р0) 
LSF = 1'bl; 


end 
else begin 
FA = 1'b1; 
nextstate = 3'b110; 
end 
end 
7: begin 
Done = 1'b1; 
if(EV == 1'01) 
V = 1151; 
if(St == 1'00) 


153 


© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


nextstate = 3'b000; 
else 
nextstate = 3'b111; 
end 
endcase 
end 


always @(posedge CLK) 


begin 

state <= nextstate; 
if(CLRA == 1'01) 

A <= 4'b0000; 
if(LdB == 1'b1) 

B <= dbus[3:0]; 
if(Ldc == 1'b1) 

С <= dbus[3:0]; 
if(LdX == 1'b1) 

X <- dbus; 
if(LdY == 1'b1) 

Y <= dbus[3:0]; 
if(SM8 == 1'b1) 

X <= 5'b11000; 
if(LSF == 1'bl) begin 


A <= (A[2:0], B[3]}; 

В <= (B[2:0], 1'00}; 

Х <= X - 1; //decrement X 
end 
else if(RSF == 1'р1) begin 

А <= (A[3], A[3:1]}; 

В <= (A[0], B[3:1]}; 

X <= X + 1; //increment X 


// multiplier control signals 
mState <= mNextState; 
if(AdSh == 1'bl) begin 
А <= dbus[4:1]; 
В <= (dbus[0], B[3:0]}; 
епа 
else if(Sh == 1'р1) begin 
А <= (A[3], A[3:1]}; 
В <= (A[0], B[3:1]}; 
епа 
епа 


endmodule 
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7.12 (а) 


CIrA LDH 
RSh CIrA 
LSh St —» RSh 
EV —> Lsh 
FZ —> Control LdB 
FN ә LdC 
FV --> IncE 
DecE 
LShE 
IncE 
DecE E (6-bit) EV 
LshE 


(b) Procedure: Step 1) Clear Acc. 
Step 2) Load |F| to multiplier. If "FZ", then Done. 
Step 3) Shift E left once and start multiplication. 
Step 4) If "FV", right shift product and increment E. 
If not normalized, left shift product and decrement E. 
Step 5) If "EV", set indicator. 


Example: F E 
1.0110 00100 
2's Comp 0.1010 01000 
Multiply 0.011001 01000 
Normalize 0.11001 00111 


(c) 


53 / 


0 


2 
0 
LSh, 


DecE IncE 


54 / 


S5 / Done 
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(4) 

^define Cm C[4] 
“define M В[0] 

module Prob7 12(CLK, 
input CLK, St; 
input [4:0] F, E; 
output [8:0] Fout; 
output [4:0] Eout; 
output reg V, Done; 


St, F, 


reg [4:0] А,В, C; 
reg [5:0] RegE; 

wire [4:0] posNum, addout; 
reg LoadB, LoadC, LoadE, 


CLRA, RSH, 


E, Fout, Eout, V, Done); 


LSH, LSE, INCE, 


wire FZ, FV, Fnorm, EV; 


reg [2:0] state, nextstate, 


reg AdSh, Sh; 

initial begin 
state = 3'b000; 
nextstate - 3'b000; 
mState = 3'b000; 
mNextstate = 3'5b000; 
А = 5'500000; 


В = 5'500000; 

C = 5'500000; 

RegE = 6'b000000; 
end 


assign posNum = 


assign Fout = {A[3:0], B}; 
assign Eout = RegE[4:0]; 

assign EV = (RegE[5] 
assign FZ (B == 5'b00000 
assign FV (A[4] != A[3]) 
assign Fnorm = (A[3] != A[ 


always 
begin 
AdSh = 1'b0; 
Sh = 1'50; 
Mdone = 1'50; 
case (mState) 
0: begin 
if(StM == 1'bl) begin 
mNextstate = 3'5b001; 
if(^M == 1'bl) 
AdSh = 1'51; 


@(mState, ^M, StM) 


else 
Sh = 1'b1; 
end 
else 
mNextstate = 3'b000; 
end 


1,2,3,4: begin 
if('M == 1'bl) 
AdSh = 1'b1; 
else 
Sh = 1'b1; 
mNextstate = mState + 
end 
5: begin 


1= RegE[4])? 1'bl 


mState, mNextstate; 


(Cm == 1'b1)? ~C : C; 
assign addout = А + posNum + (4'50000, 


`Ст}; 


1'00; 
)? 1'01 1'b0; 
?-l'bl: 1150: 

21)? 1'01 1'b0; 


3'5001; 
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Mdone = 1151; 
mNextstate = 3"р000; 
епа 
default: begin 
end 
endcase 
end 


always @(state, St, FZ, FV, Fnorm, EV, Mdone) 
begin 

LoadB = 1'5b0; 

LoadC = 1'5b0; 

ioadE = 1'b0; 

СТВА = 1'5b0; 

RSH = 1'b0; 

1'b0; 


ase(state) 
begin 
if(St == l'bl) begin 
CLRA = 1'b1; 
LoadC = 1'bl; 
nextstate = 3'b001; 
end 
else 
nextstate - 3'b000; 
end 
1: begin 
LoadB = 1'b1; 
nextstate - 3'b010; 
‚оааЕв = 1-51; 
епа 
2: begin 
if(FZ == 1'bl) begin 
Done = 1'b1; 
nextstate - 3'b100; 
end 
else begin 
LSE = 1'bl; 


OQ0UUUnmH 
aie g 

І 

т 

с 

c 


StM = 1'b1; 
nextstate = 3'b011; 
end 
end 
3: begin 


if(Mdone == 1'bl) begin 
nextstate = 3'b100; 
if(Fnorm == 1'bl) begin 
if(FV == 1'bl) begin 
RSH = 1-51; 
INCE = 1'bl; 
end 
end 
else begin 
LSH = 1-51; 
DECE = 1'bl; 
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nextstate = 3'b011; 
end 
4: begin 
Done = 1'b1; 
if(EV == 1'01) 


Vi > tbl 
if(St == 1'00) 
nextstate = 3'b000; 
else 
nextstate = 3'b100; 
end 
default: begin 
end 
endcase 


end 


always @(posedge СІК) 


begin 
state <= nextstate; 
if(CLRA == 1'bl) 


A <= 5'р00000; 
if(Loadc == 1'b1) 
С <= Е; 
if(LoadB == 1'b1) 
B <- addout; 


if(LoadE -- 1'b1) 

RegE <- (E[4], E); 
if(LSE == 1'р1) 

RegE <= (RegE[4:0], 1'50); 
else if(INCE == 1'bl) 

RegE <= RegE + 6'b000001; 
else if(DECE == 151) 


RegE <= RegE - 6'b000001; 
if(LSH == 1'bl) begin 
А <= (A[3:0], B[4]}; 
В <= (B[3:0], 1'b0); 
епа 
else if(RSH == 1'р1) begin 
А <= (A[4], А[4:1]}; 
В <= (A[0], B[4:1]}; 
епа 
mState <= mNextstate; 
if(AdSh == 1'bl) begin 
А <= {1'40, addout[4 
В <= (addout[0], B[4 
епа 
else if(Sh == 1'b1) begin 
А <= (A[4], А[4:1]}; 
В <= (A[0], В[4:1]}; 
епа 
епа 


пір 
пір 


endmodule 


7.13 
module P7 13(clk, St, Mplier, Mcand, Product, V, Done); 
input clk, St; 
input [31:0] Mplier, Mcand; 
output reg [31:0] Product; 
output reg V, Done; 


wire [47:0] mult out; 
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wire [8:0] ааа out; 
reg [22:0] Е; 

reg [8:0] E; 

reg 5; 
reg [8:0] E Biased; 
reg [1:0] state; 


initial begin 

Product - 32'h00000000; 

E 9'5000000000; 

S = 1'b0; 

E Biased - 9"5000000000; 
state = 2'b00; 

end 


assign mult out = ({1'bl, Mplier[22:0]}) * ((1'b1, Mcand[22:0]}); 
assign add out = (Mplier[30:23] - 8'd127) + (Мсапа[30:23] - 8'd127); 


always @(posedge clk) 
begin 
Done <= 1'b0O; 
V <= 1'b0; 
case(state) 
0: begin 
if(St == 1'b0) 
state <= 2'b00; 
else 
state <= 2'b01; 
end 
1: begin 
state <= 2'b10; 
S <= Mplier[31] * Mcand[31]; 
if(Mplier == 32'h00000000 || Mcand == 32'h00000000) begin 
E <= 9'b000000000; 
E Biased <= 9'b000000000; 
F <= mult_out[45:23]; 
end 
else if(mult out[47] == 1'bl) begin 
E <= add_out + 9'b000000001; 
E Biased <= add_out + 9'd128; 
F <= mult_out[46:24]; 
end 
else begin 
E <= add_out; 
Е Biased <= add out + 9'd127; 
F <= mult_out[45:23]; 
end 
end 
2: begin 
state <= 2'b00; 
Done <= 1'Ъ1; 
if(E < 8'b10000010 && Е > 8'b01111111) 


V <= 1'Ы1; 
Product <= (5, E Biased[7:0], Е}; 
end 
default: begin 
end 
endcase 
end 
endmodule 
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7.14 
module fp adder test bench(Test Num); 
output reg Test Num; 


reg CLK, ST; 

reg [31:0] INPUT; 
wire DONE, OVF,UNF; 
wire [31:0] SUM; 
parameter N = 15; 


reg [31:0] addend_arr [1:N]; 
reg [31:0] augend_arr [1:N]; 
reg [31:0] result_arr [1:N]; 
reg [1:N] ovf arr; 

reg [1:N] unf_arr; 

integer i; 


initial begin 


CLK = 0; 
Sn = Os 
INPUT = 0; 


addend arr[1] 32'500000000000000000000000000000000; 


addend arr[2] 32'500111111100000000000000000000000; 
addend arr[3] = 32'b10111111100000000000000000000000; 
addend arr[4] = 32'b00111111100000000000000000000000; 
addend arr[5] = 32'b01111111011111111111111111111111; 
addend arr[6] = 32'b11111111011111111111111111111111; 
addend arr[7] = 32'b01111111011111111111111111111111; 
addend arr[8] = 32'b11111111011111111111111111111111; 
addend arr[9] = 32'b01000011111000000000000000000000; 
addend arr[10] = 32'b11000011111000000000000000000000; 
addend arr[11] = 32'b01111111011111111111111111111111; 
addend arr[12] 2 32'b11111111011111111111111111111111; 
addend arr[13] = 32'b01111111011111111111111111111110; 
addend arr[14] = 32'b11111111011111111111111111111110; 
addend arr[15] - 32"Ь00000000110000000000000000000000; 
augend arr[1] = 32'b00000000000000000000000000000000; 


32'b00111111100000000000000000000000; 
32'b10111111100000000000000000000000; 
32'b10111111100000000000000000000000; 
32'b00111111100000000000000000000000; 
32'b10111111100000000000000000000000; 
32'b01111111011111111111111111111111; 
32'b11111111011111111111111111111111; 
32'b11000010111000000000000000000000; 
32'b01000010111000000000000000000000; 
32'b01110011100000000000000000000000; 
32'b11110011100000000000000000000000; 
32'b01110011100000000000000000000000; 
32'b11110011100000000000000000000000; 
32'b10000000100000000000000000000000; 


augend arr[2] 
augend arr[3] 
augend arr[4] 
augend arr[5] 
augend arr[6] 
augend arr[7] 
augend arr[8] 
augend arr[9] 
augend arr[10] 
augend arr[11] 
augend arr[12] 
augend arr[13] 
augend arr[14] 
augend arr[15] 


о о 


result arr[1] = 32'b00000000000000000000000000000000; 
result arr[2] = 32'b01000000000000000000000000000000; 
result arr[3] = 32'b11000000000000000000000000000000; 
result arr[4] = 32'b00000000000000000000000000000000; 
result arr[5] = 32'b01111111011111111111111111111111; 
result arr[6] = 32'b11111111011111111111111111111111; 
result arr[7] = 32'b00000000000000000000000000000000; 
result arr[8] = 32'b00000000000000000000000000000000; 
result arr[9] = 32'b01000011101010000000000000000000; 
result arr[10] = 32'b11000011101010000000000000000000; 
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result arr[11] 
result arr[12] 
result arr[13] 
result arr[14] 
result arr[15] 


32'500000000000000000000000000000000; 
32"500000000000000000000000000000000; 
32'b01111111011111111111111111111111; 
32'b11111111011111111111111111111111; 
32'500000000000000000000000000000000; 


ovf arr - 15'5000000110011000; 
unf arr = 15'b000000000000001; 
end 


always #10 CLK = ~CLK; 


FPADD FP ADDER(CLK, ST, DONE, OVF, UNF, INPUT, SUM); 


always 
begin 
for(i = 1; і <= М; і = i + 1 ) begin 
Test Num = i; 
8 (negedge CLK) 
ST =e 
INPUT = addend arr[i]; 
@(negedge CLK) 
INPUT = augend arr[i]; 


ST = 0; 
wait (DONE == 1); 
if(OVF == 1 || UNF == 1) begin 
if(OVF != ovf arr[i]) 
Sdisplay("Overflow does not match"); 
if(UNF (= unf arr[i]) 
$display("Underflow does not match"); 
end 
end 
Sdisplay("Tests Complete"); 
$stop; 
end 
endmodule 
7.15 1) Make exponents equal. F,: 0.1011 Е: 11111 (11/16 x 27!) 
Fz: 1.1101 Ез: 11111 (-3/16 x 2"') 
2) Add the fractions F: 10.1000 E: 11111 
Discard the carryout because 275 Е: 0.1000 E: 11111 (8/16х 27) 


complement addition 


7.16 (a) The steps for floating point addition are listed in Section 7.3 of the text. 


(b) 1) Make exponents equal. Fi: 1.0101 E;: 1001 (-11/16 x 2°) 
F»: 0.0101 E»: 1001 (5/16 x 2:9) 
2) Add the fractions. F: 1.1010 E: 1001 (-6/16 х 2°) 
3) Normalize the fraction. Е: 1.0100 E: 1000 (-12/16 x 27) 
4) Check for exponent overflow. No overflow. 
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с 
S module Prob7 16(CLK, St, Fl, F2, 
input CLK, St; 
input [4:0] F1, F2; 
input [3:0] E1, E2; 
output reg V, Done; 


[т] 
ғ 
- 


:01 
:01 


reg [5 
reg [4 
reg [4:0] RegE1; 
reg [3:0] RegE2; 
wire [5:0] addout; 
wire [4:0] subout; 


RegF1; 
RegF2; 


E2, V, Done); 


reg Load, Ad, LM8, RSX1, LS, RSX2, ІМСІ, ІМС2, БЕСІ, LdTwoToOne; 
wire LT, СТ, E1G, E2G, EV, SubV; 
wire FZ, FV, Fnorm; 
reg [1:0] state, nextstate; 
initial begin 
V= 0; 
Done = 0; 
RegFl = 0; 
RegF2 = 0; 
RegEl = 0; 
RegE2 = 0; 
Load = 0; 
Ad = 0; 
LM8 = 0; 
RSX1 = 0; 
LS = 0; 
RSX2 = 0; 
ІМСІ = 0; 
INC2 = 0; 
DEC1 = 0; 
LdTwoToOne = 0; 
state = 0; 
nextstate = 0; 
end 
assign subout = RegEl - {RegE2[3], RegE2}; 
assign addout = RegFl + {RegF2[4], RegF2}; 
assign SubV = (subout[4] != subout[3])? 1 0; 
assign EV = (RegE1[4] != RegE1[3])? 1 0; 
assign LT = subout[3]; 
assign GT = (subout[3] == 0 && subout[3:0] != 3'b000)? 1 0; 
assign Е1С = ((SubV == 0 && subout[3] == 0 && subout[2] == 1 66 
(~ (Subout [1:0])==2'b00)) 
N 
(SubV == 1 && RegE1[3] == 0 && RegE2[3] == 1))? 1 
assign E2G = ((SubV == 0 && subout[3] == 1 && subout[2] == 0) || 
(SubV == 1 && RegE1[3] == 1 && RegE2[3] == 0))? 1 
assign FZ = (RegFl == 0)? 1 0; 
assign FV = (RegF1[5] != RegF1[4])? 1 0; 
assign Fnorm = (RegFl1[4] != RegF1[3])? 1 0; 
always @(state, St, LT, GT, E1G, E2G, FZ, ЕУ, Fnorm, EV) 
begin 
Load = 0; Ad = 0; LM8 = 0; RSX1 = 0; LS = 0; V= 0; 
RSX2 = 0; INC1 = 0; INC2 = 0; DEC1 = 0; Done = 0; 
LdTwoToOne = 0; 
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0 


case(state) 


0: begin 
if(St -- 1) begin 
Load 2 1; 
nextstate = 1; 
end 
else begin 
nextstate = 0; 
end 
end 
1: begin 
if(E1G == 1) begin 
nextstate - 3; 
end 


else if(E2G -- 1) begin 
LdTwoToOne = 1; 


nextstate = 3; 
end 
else 1ІҒ(СТ == 1) begin 
RSX2 2 1; 
INC2 = 1; 
nextstate = 1; 
end 
else if(LT -- 1) begin 
RSX1 2 1; 
ІМСІ - 1; 
nextstate = 1; 
end 
else begin 
Ad = 1; 
nextstate = 2; 
end 
end 
2: begin 
if(FZ == 1) begin 
LM8 = 1; 
nextstate - 3; 
end 
else if(FV == 1) begin 
RSX1 2 1; 
ІМСІ 2 1; 
nextstate - 3; 
end 
else if(Fnorm == 0) begin 
LS = 1; 
БЕСІ = 1; 
nextstate = 2; 
end 
else begin 
nextstate - 3; 
end 
end 
3: begin 
Done =1 ; 
if(St == 0) 
nextstate = 0; 
else 
nextstate = 3; 
if(EV == 1) 
У = 1; 
епа 
епасазе 
епа 
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always @(posedge CLK) 
begin 
state <= nextstate; 
if(Load == 1) begin 
RegFl <= (F1[4],F1); 
RegF2 <= F2; 
КедЕ1 <= {Е1[3],Е1}; 
RegE2 <= E2; 


end 
else begin 
/ /RegE1 
if(LM8 == 1) 
RegEl <= 51511000; 
if(LdTwoToOne == 1) begin 
RegEl <= (RegE2[3], RegE2); 


RegFl <= (RegF2[4], RegF2}; 


end 
ЇЁ(ІМСІ == 1) 
RegEl <= КедЕ1 + 1; 
else if(DEC1 == 1) 
RegEl <= КедЕ1 - 1; 
/ /RegE 
if(INC2 z- 1) 
RegE2 <- RegE2 * 1; 


/ /REGF1 
if(LS -- 1) 

RegFl <= (RegF1[4:0], 1'50); 
else if(RSX1 == 1) 

RegFl <= (RegF1[5], RegF1[5:1]); 
else if(Ad -- 1) 


RegFl <= addout; 


/ /RegF2 
if(RSX2 ш- 1) 
RegF2 <= (RegF2[4], RegF2[4:1]}; 
end 
end 
endmodule 


7.17 (а) 
module FPADD P7 17a(CLK, St, done, ovf, unf, FPinput, FPsum); 
input CLK, St; 
output reg done, ovf, unf; 
input [31:0] FPinput; 
output [31:0] FPsum; 


reg [25:0] F1, F2; 
reg [7:0] El, E2; 
reg 51,52; 


wire FV, FU; 
wire [27:0] Flcomp, F2comp, Addout, Fsum; 
reg [2:0] State; 


initial begin 


done = 0; 
ovf = 0; 
unf = 0; 
F1 = 0; 
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F2 = 0; 

El = 0; 

E2 = 0; 

S120; 

S220; 

State - 0; 
end 
assign Flcomp = (51 == 1)? ~{2'000,Е1} + 1: (2'500, F1); 
assign F2comp = (52 == 1)? ~{2'b00,F2} + 1 : (2'500, F2); 
assign Addout = Flcomp + F2comp; 
assign Fsum = (Addout[27] == 0)? Addout : ~Addout + 1; 
assign FV = Fsum[27] ^ Fsum[26]; 
assign FU - !F1[25]; 


assign FPsum = (51, El, Е1[24:2]}; 


always @(posedge СІК) 
begin 
case (State) 
0: begin 
if(St == 1) begin 
if (FPinput[30:23] != 0) 
El <= FPinput [30:23]; 
else 
El <= 8'500000001; 
51 <= FPinput[31]; 
Е1 [24:0] <= {FPinput[22:0],2'b00}; 
if(FPinput[30:23] == 0) 
Е1[25] <= 0; 
е1зе 
Е1[25] <= 1; 
done <= 0; 
ovf <= 0; 
unf <- 0; 
State <- 1; 
епа 
епа 
1: begin 
if(FPinput[30:23] != 0) 
E2 <= FPinput[30:23]; 
else 
E2 <= 8'b00000001; 
52 <= FPinput[31]; 
F2[24:0] <= {FPinput[2:0],2'b00}; 


if(FPinput[30:23] == 0) 
F2[25] <= 0; 
е1зе 


F2[25] <= 1; 
State <= 2; 
end 
2: begin 
if(Fl == 0 || F2 == 0) begin 
State <= 3; 
end 
else begin 
if(El == E2) begin 
State <- 3; 
end 
else 1Е(Е1 < E2) begin 
F1 <= (1'b0, F1[25:1]}; 
EI <= El + 1; 
end 
else begin 
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F2 <= (1'b0, F2[25:1]}; 
E2 <= E2 41; 
end 
end 
end 
3: begin 
S1 <- Addout[27]; 
if(FV -- 0) begin 
F1 <= Fsum[25:0]; 
end 
else begin 
F1 <= Fsum[26:1]; 
El <= El + 1; 


end 
State <- 4; 
end 
4: begin 
if(Fl == 0) begin 
Е1 «2 0; 
State <= 6; 
end 
else 1Е(Е1 == 1 && F1[25] == 0) begin 
Е1 «2 0; 
State <= 6; 
end 


else begin 
State <= 5; 
end 
end 
5: begin 
if (El == && FU == 1) begin 
El <= 0; 
State <= 6; 
end 
else if(FU == 0) begin 
State <= 6; 
end 
else begin 
F1 <= {F1[24:0], 1'b0}; 
El <= ЕІ - 1; 


end 
end 
6: begin 
if (E1 == 255) 
ovf <= 1; 


done <= 1; 
State <= 0; 
end 
endcase 
end 


endmodule 


(b) 
module FPADD P7 17b(CLK, St, FPinput, FPsum, done, ovf, unf); 
input CLK, St; 
input [31:0] FPinput; 
output [31:0] FPsum; 
output reg done, ovf, unf; 


reg [25:0] F1, F2; 
reg [7:0] Е1,Е2; 
reg 51, 52; 
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wire FV, FU; 
wire [27:0] Е1сопр, 
reg [2:0] State; 


F2comp, Addout, Fsum; 


initial begin 
F1 
F2 


assign 
assign 


Flcomp 
F2comp 
Addout 


(51 
(52 


1)? ~{2'b00, 
1)? ~{2'000, 


Е1} +1 
Е2} +1 


-(2'b00, 
-(2'b00, 


assign 
assign 
assign 
assign 
assign 


Flcomp + F2comp; 
(Addout[27] == 0)? 
Fsum[27] ^ Fsum[26]; 
1Е1 [25]; 
{51, 


Fsum 
FV 
FU 
FPsum 


Е1, F1[24:2] 
always 
begin 
case(State) 
0: begin 
if(St -- 1) begin 
Е1 <= FPinput[30:23]; 
51 <- FPinput[31]; 
F1[24:0] <= (FPinput[22:0] 
if(FPinput -- 0) begin 
F1[25] <- 0; 
end 
else begin 
Е1[25] <= 
епа 
done <= 0; 
ovf «2 0; 
unf <= 0; 
State <- 1; 
епа 
епа 
1: begin 
E2 <= 
52 <= 
F2[24 
if(FPinput шш 
Е2[25] <= 
е1зе 
Е2[25] <= 
State <= 2; 
end 
2: begin 
if(Fl -- 0 || 
State <= 3; 
end 


@(posedge CLK) 


1; 


FPinput [30:23]; 
FPinput [31]; 

:0] <= {FPinput[22:0], 
0) 

0; 


1; 


Е2 == 0) Бедіп 


Addout ~Addout + 1; 


}; 


, 2'b00); 


2'b00}; 


else if((El > E2) || ((Е1- 


Е2) > 23)) begin 


State <= 6; 
епа 


else if((E2 > E1) || ((E2 - 
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Е1) > 23)) begin 


Fl}; 
F2); 


State <= 6; 


Fl <= F2; 
El <= E2; 
S1 «2 S2; 
end 
else begin 
if(El == E2) begin 
State <- 3; 
end 


else if(El < E2) begin 
ЕТ <= (1'b0, Е1[25:1]}; 
El <= El +1; 


else begin 
F2 <= (1'b0, F2[25:1]}; 
E2 <= E2 41; 
end 
end 
end 
3: begin 
S1 <- Addout[27]; 
if(FV -- 0) begin 
Fl <= Fsum[25:0]; 
end 
else begin 
Fl <= Fsum[26:1]; 
El <= El + 1; 
end 
State <- 4; 
end 
4: begin 
if(Fl == 0) begin 
Е1 «2 0; 
State <= 6; 
end 
else begin 
State <= 5; 
end 
end 
5: begin 
if(El == 0) begin 
unf <- 1; 
State <= 6; 
end 
else if(FU -- 0) begin 
State <= 6; 
end 
else begin 
Fl <= (F1[24:0], 1'b0); 
EI <= ЕТ - 1; 


end 
end 
6: begin 
if(El == 255) begin 
ovf <= 1; 
епа 


done <= 1'b1; 
State <- 0; 
епа 
епасазе 
епа 


endmodule 
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(с) 
module FPADD P7 17с(СІК, St, FPinput, FPsum, done, ovf, unf); 
input CLK, St; 
input [31:0] FPinput; 
output [31:0] FPsum; 
output reg done, ovf, unf; 


reg [25:0] F1, F2; 
reg [7:0] E1, E2; 
reg 51, 52; 
wire FV, FU; 

wire [27:0] Flcomp, F2comp, Addout, Fsum; 
reg [2:0] State; 


initial begin 
Fl = 
F2 = 
Е1 
Е2 
51 = 
52 = 0; 
State = 0; 
done = 0; 
ovf = 
unf 
end 


, 


, 


, 


0 
0 
0 
0; 
0 
0 


, 


"ot 
оо 
Mox 


assign Addout = Flcomp + F2comp; 

assign Fsum = (Addout[27] == 0)? Addout : ~Addout + 1; 
assign FV = Fsum[27] ^ Fsum[26]; 

assign FU !F1[25]; 

assign FPsum = (51, El, Е1[24:2]}; 


always @(posedge СІК) 
begin 
case (State) 
0: begin 
if(St == 1) begin 
El <= FPinput [30:23]; 
51 <= FPinput [31]; 
F1[24:0] <= (FPinput[22:0], 2'b00}; 
if(FPinput == 0) begin 
Е1[25] <= 0; 
епа 
else begin 
F1[25] <- 1; 
end 
done <- 0; 
ovf <- 0; 
unf <= 0; 
State <- 1; 
епа 
епа 
1: begin 
E2 <= FPinput[30:23]; 
52 <= FPinput[31]; 
F2[24:0] <= (FPinput[22:0], 2'500); 
if(FPinput -- 0) begin 
Е2[25] <= 0; 
end 
else begin 
Е2[25] <= 1; 
епа 
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State <= 2; 
end 
2: begin 
if(Fl == 0 || F2 == 0) begin 


State <= 3; 
end 
else begin 
ЇЁ(Е1 == E2) begin 
State <= 3; 
end 


else if(El < E2) begin 
Fl <= (1'b0, Е1[25:1]}; 
El <= El + 1; 


else begin 
F2 <= {1'00, F2[25:1]}; 
E2 <= E2 41; 
end 
end 
end 
3: begin 
S1 <- Addout[27]; 
if(FV -- 0) begin 
Fl <= Fsum[25:0]; 


end 
else begin 
if(Fsum[2] == 0) begin 
Fl <= Fsum[26:1]; 
end 


else begin 
F1 <= Fsum[26:1] + 26'b00000000000000000000000100; 
end 
Bl <= El + 1; 
end 
State <= 4; 
end 
4: begin 
if(Fl == 0) begin 
El <= 0; 
State <= 6; 
end 
else begin 
State <= 5; 
end 
end 
5: begin 
if(El == 0) begin 
unf: <= 1; 
State <= 6; 
end 
else if (FU == 0) begin 
State <= 6; 
end 
else begin 
F1 <= {F1[24:0],1'b0}; 
EI <= ЕТ - 1; 


end 
end 
6: begin 
if(El == 255) begin 
ovf <= 1; 
епа 


done <= 1; 
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State <= 0; 
епа 
епасазе 
епа 


endmodule 


7.18 (а) 1.) Add 2 to E», shift Р right twice so exponents match: E» = 011 + 010 = 101; Р = 0.00101 


2.) Add fractions: 0.11100 + 0.00101 = 1.00001 


3.) Normalize fraction and adjust exponent: Е = 0.100001, Е = 110 


b) 


о 


0 (sm SR2 0 


AddF 
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St - Start 

GT=E, > Е, 

LT =Е, < E, 

Load = load all registers 

СТЗ = |E,- E,| » 3 

SR1 = Set result to F = F, and E = E, 
SR2 = Set result to Е = F, and E = E, 
AdSh1 = Add 1 to E right shift F, 
AdSh2 = Add 1 to E, right shift F, 
AddF - Add fractions 

SM8 = Set exponent to -8 

LSF = left shift fraction, dec. exponent 
RSF = right shift fraction, inc. exponent 
FZ = fraction zero 

FV = fraction overflow 

FN = fraction normalized 

Done - done flag 

EV = exponent overflow 

V = overflow flag 
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7.19 (а) 


Subout 


Ad 9-bit Adder 


LT 
GT 
E1G 
E2G 
EV 


6-bit Subtractor / 
Comparator 


Load 
В5х1 
LS 


Load 
Inc2 


F1(7)&F1 F2 E1(4)&E1 E2 
F1: 9-bit L-R shift register LT: '1' when E1 < E2 
F2: 8-bit L-R shift register СТ: '1' when E1 > E2 
E1: 6-bit U-D counter EV: exponent overflow 
E2: 5-bit counter ЕТС: '1' when Е1-Е2 > 7 


E2G: '1' when E2-E1 > 7 


L St: start floating point addition 
oad : 
Ad Load: load registers 
RSx1 Ad: enable adder output into F1 
RSx2 RSx1: shift F1 right, sign extended 
LS RSx2: shift F2 right, sign extended 
LS: shift F1 left 
St —+ LM16 А 1 
ЕТ ӨКЕН Control Incl LM16: load minus 16 into E1 
Inc2 Incl: increment E1 
Inc2: increment E2 
Decl 
бесі: decrement E1 
Ld2to1 
V Ld2to1: transfer F2 to F1, E2 to E1 
pone Done: fraction addition is done 
V: Overflow indicator 
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(b) 


50/ 


1 у; 53 / Done 


| 
о. 
© 


— 


(с) 
module Prob7 19(CLK, St, Fl, F2, El, E2, V, Done); 
input CLK, St; 
input [7:0] F1, F2; 
input [4:0] El, E2; 
output reg V, Done; 


reg [8:0] RegF1; 

reg [7:0] RegF2; 

reg [5:0] RegE1; 

reg [4:0] RegE2; 

wire [8:0] addout; 

wire [5:0] Subout; 

reg Load, Ad, LM8, RSX1, LS, RSX2, ІМСІ, INC2, БЕСІ, LdTwoToOne; 
wire LT, GT, E1G, E2G, ЕУ, SubV; 

wire FZ, FV; 
reg [1:0] state, nextstate; 


initial begin 


V = 0; 
Done = 0; 
RegF1 = 0; 
RegF2 = 0; 
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Np 
І 


<. 


ТЫ: ел € 
<. 


Е 
о 
Ф 

по D cu 


LdTwoToOne 

state = 0 ; 

nextstate 
end 


Subout 
addout 
бару = ( 
EV (Re 


assign 
assign 
assign 
assign 


Е 
І 


КедЕ1 - 
RegFl - 
Subout [5] 
gE1[5] 


(RegE2[4], 
{RegF2[7], 
Іш Subout[4])? 1 


Іш RegE1[4])? 1 


assign LT = 


assign 


Subout [4]; 
(Subout [4] 
((SubV 


== 0 && Subout[3:0] 


О && Subout [4] 


assign El 


assign 


(( 


FZ 
FV 
Fnorm 


assign 
assign 
assign 


(Re 
(Re 


always 
begin 
Load <= 0; Ad 
RSX2 <= 0; IN 
LdTwoToOne <= 
case (state) 
0: begin 
if (St == 1) 
Load = 1; 
nextstate 
end 
else begin 
nextstate 
end 
end 
1: begin 
1Ғ(Е1С == 1 
nextstate 
end 
else if(E2G 
LdTwoToOn 
nextstate 
end 
else if(GT 
RSX2 
INC2 
nextstate 
end 
else if(LT 
RSX1 2 1; 
ІМСІ 
nextstate 


@ (state, 


(SubV 


SubV 


1 && RegE1[4] 
0 вв Subout [4] 
(SubV == 0 && Subout[4: 


(SubV == 1 && ВедЕТ [4] 


gFl == 0)? 1 
gF1[8] 
(RegF1[7] 


0; 
Іш RegF1[7])? 1 
Іш RegF1[6])? 1 


== 0 && RegE2[4] 


RegE2) ; 
RegF2); 


0; 
0; 


t= 0)? 1 
== 0 && Subout[3] 


0] 


1 && Subout[3] 
== 5'b11000) | 
1 && RegE2[4] 


0; 
0; 


St, LT, GT, 
<= 0; LM8 <= 0; 
Cl «2 0; INC2 <- 


0; 


begin 


1; 


0; 


) begin 
= 3¢ 


1) Бедіп 
еш 1; 


3; 


1) begin 


1) begin 
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E1G, 


E2G, 


RSX1 <= 0; 
0; DEC1 <= 


FZ, FV, Fnorm, 
LS <= 0; 


0; 


У <= 
Done <= 0; 


0; 


== 1) 


== 0) 
| 
== 0))? 1 


Еу) 


ГІ 
== 1))? 1: 


0; 


0; 
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епа 
else begin 
Ad = 1; 
nextstate = 2; 
end 
end 
2: begin 
if(FZ -- 1) begin 
LM8 2 1; 
nextstate 
end 
else if(FV == 1) begin 
RSX1 2 1; 
ІМСІ = 1; 
nextstate = 3; 
end 
else if(Fnorm == 0) begin 
LS = 1; 
БЕСІ = 1; 
nextstate 
end 
else begin 
nextstate 
end 
end 
3: begin 
Done = 1; 
if(St == 0) begin 
nextstate = 0; 
end 
else begin 
nextstate = 3; 
end 
if(EV == 1) begin 
У = 1; 
епа 
епа 
епасазе 
епа 


За 


2; 


І 
о 
>. 


always @(posedge СІК) 
begin 
state <= nextstate; 
if(Load == 1) begin 
RegFl <= (F1[7], F1); 
RegF2 <= F2; 
КедЕ1 <= {E1[4], El}; 
RegE2 <= E2; 
end 
else begin 
if(LM8 == 1) begin 
RegEl <= 6'b110000; 


end 

if(LdTwoToOne == 1) begin 
RegEl <= (RegE2[4], RegE2); 
RegFl <= {RegF2[7], RegF2}; 

end 

if(INC1 == 1) begin 
RegEl <= КедЕ1 + 1; 

end 

else if (DEC1 == 1) begin 
RegEl <= КедЕ1 - 1; 

end 
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if(INC2 == 1) begin 
RegE2 <- RegE2 * 1; 


end 
if(LS == 1) begin 
RegFl <= (RegF1[7:0],1'50); 
end 
else if (RSX1 == 1) begin 
RegFl <= (RegF1[8], RegF1[8:1]}; 
end 
else if (Ad == 1) begin 
RegFl <= addout; 
end 
if(RSX2 == 1) begin 
RegF2 <= (RegF2[7], RegF2[7:1]}; 
end 
end 
end 
endmodule 


7.20 (a) The steps for floating point subtraction are the same those for addition listed in section 7.3 of 
the text with the exception of step 2, where the fractions are subtracted rather than added. 


(b) 1) Make exponents equal. Fi: 1.0111 Ei: 11101 (-9/16 x 22) 
F»: 1.110101 E2: 11101. (-11/64 x 22) 
2) Subtract the fractions. F: 1.100111 E: 11101 (-25/64 x 2?) 
3) Normalize the fraction. F: 1.00111 E: 11100 (-25/32 x 2^) 
4) Check for exponent overflow. No overflow. 


(c) The Verilog code is the same as listed in Problem 7.16 (c), with the 2™ line in the list of 
concurrent assignments 
(assign addout RegFl + (RegF2[4], RegF2};) replaced with: 
assign addout RegFl - {RegF2[4], RegF2); 
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7.21 (а) 


Subtract Exponents Shift F1 Right 
Divide Fractions E1 <= Е1+1 


à erai 
а 
Shift F1 Left 
E1 <= E1-1 


<-> 


(b) Step 1) |F2| < |Fi|, so shift Е, right & increment Е 1. 
Fi: 0.0111000 Ет: 00100 (56/128 x 24) 
Рә: 1.0110000 E»: 11110 (-80/128 x 2-2) 
Step 2) Divide. Result is... Е: 1.0100111 Е: 00110 (-89/128 х 26) 


(с) 
"define F2GTF1 CompareResult[7] 
module Prob7 21(CLK, St, Fl, F2, El, E2, Fout, Eout, V, Done); 

input CLK, St; 

input [7:0] F1, F2; 

input [4:0] El, E2; 

output [7:0] Fout; 

output [4:0] Eout; 

output reg V, Done; 


reg [7:0] RegF1; 

reg [7:0] RegF2; 

reg [5:0] RegE1; 

reg [4:0] RegE2; 

wire [5:0] Subout; 

wire [7:0] CompF1, ToCompF1, ToCompF2, CompareResult; 
reg Load, StD, RSF, LSF, Store; 
wire Cm, EV, Ғ12, Е27, Fnorm; 
reg [2:0] state, nextstate; 
wire [7:0] dividerResult; 

wire DivDone; 
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initial begin 
У = 0; 


state = 
nextstate = 0; 
end 


Divider fdivider(CLK, StD, RegFl, RegF2, dividerResult, DivDone); 


assign CompFl = ~ (Кедғ1) + 1; 

assign ToCompFl = (RegF1[7] == 0)? RegF1 : CompF1; 

assign ToCompF2 = (RegF2[7] == 1)? RegF2 : ~RegF2; 

assign Cm = !RegF2[7]; 

assign CompareResult = ТоСопшрЕ1 + ToCompF2 + {7'b0000000, Cm}; 
assign Subout = RegEl - {RegE2[4], RegE2}; 

assign Fout = RegFl; 
assign t = RegE1[4:0]; 

assign EV = (RegE1[5] != RegE1[4])? 1 : 0; 
assign F1Z = (RegF1[7:5] == 0)? 1: 0; 

assign F2Z = (RegF2[7:6] == 0)? 1: 0; 

assign Fnorm = (RegF1[7] != RegF1[6])? 1 : 0; 


always @(state, St, Ғ12, Е27, `Е2СТЕ1, Fnorm, EV, DivDone) 
begin 
Load = 0; RSF = 0; LSF = 0; V 
Done = 0; StD <= 0; Store 
case (state) 
0: begin 
if(St == 1) begin 
Load = 1; 
nextstate 
end 
else begin 
nextstate 
end 
end 
1: begin 
if(F1Z == 1-51 || F2Z == 1'р1) begin 
nextstate = 4; 
end 
else 1Ё(`Е2СТЕ1 == 0) begin 
RSF = 1; 
nextstate 
end 
else begin 
StD = 1; 
nextstate 
end 
end 
2: begin 
if(DivDone == 1) begin 
Store = 1; 
nextstate = 3; 
end 


0; 
0; 


1; 


0; 


1; 


І 
N 
-. 
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else begin 
nextstate - 2; 
end 
end 
3: begin 
if(Fnorm == 1) begin 
nextstate - 4; 
end 
else begin 
LSF = 1; 
nextstate = 3; 
end 
end 


Done = 1'51; 
if(EV == 1 || F2Z == 1) begin 
У = 1; 


if(St == 0) begin 
nextstate - 0; 
end 
else begin 
nextstate = 4; 
end 
end 
endcase 
end 


always @(posedge CLK) 
begin 
state <= nextstate; 
if(Load == 1) begin 
КедЕ1 <= F1; 
RegF2 <= F2; 


RegEl <= {Е1[4], El}; 
RegE2 <- E2; 

end 

else if(LSF -- 1) begin 
RegFl <= (RegF1[6:0], 1'5b0j; 
RegEl <= RegEl - 1; 

end 

else if(RSF -- 1) begin 
RegFl <= (RegF1[7], RegF1[7:1]); 
RegEl <= КедЕ1 + 1; 

end 

else if(StD -- 1) begin 
RegEl <= Subout; 

end 

else if(Store -- 1) begin 
RegFl <= dividerResult; 

end 

end 
endmodule 


722 2994 (294 1) = 240 4.24 2 0 
(24 4-254 1204121 


723 2404 (2? + 1) = 240 + -2% + 1 (difference in exponents < 52) = 1 
(24% 429) +1=0+1=1 


179 


© 2016 Cengage Learning. АП Rights Reserved. Мау not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


724 26 + (-2% + 1) =2 4-2 =0 
(285 + -265) +1=0+1=1 


725 265 + (29 + 1) = 265 + -26 =0 
(285 + -2%)41=04+1=1 
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Chapter 8: Additional Topics іп Verilog 


8.1 function [7:0] shift count; 
input [7:0] мога; 
reg [7:0] count; 


begin 
for (count = 8'd0; word[7] == 1'b0; word = word << 1) 
begin 
count = count + 1; 
end 
shift count = count; 
end 
endfunction 


8.2 (а) function [N-1:0] comp2; 
input [N-1:0] vect; 
input [31:0] size;c 


reg [N-1:0] comp; 
reg firstone; 
integer i; 


begin 
firstone = 1'b0; 
for (i=0; i<size; 1=1+1) 
begin 
if (!firstone) 
begin 
if(vect[i] == 1'bl) 
begin 
firstone = 1'bl; 
end 
comp [i] 
end 
else 
begin 
comp [i] 
end 
end 
comp2 = comp; 
end 
endfunction 


vect [i]; 


~vect[il]l; 


(b) module test comp2(bit vec, out vec); 
parameter М = 8; // М is the length of the bit vectors 


input [N-1:0] bit vec; 
output [N-1:0] out vec; 


assign out vec = comp2(bit vec, М); 
endmodule 


8.3 Code to implement factorial: 


if(num == 32740 || num == 32'd1) 
factorial = 1; 

else 
factorial = num * factorial (num-1); 


Code to compute the factorial of 9: 
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result = factorial(9); 


8.4 (a) function GT; 
input [N-1:0] numi, num2; 
input [31:0] size; 


integer i; 


begin 
GT = 0; 
for (і = size - 1; i >= 0; i= i - 1) 
begin 
if (numl[i] 68 ~num2[i]) 
begin 
GT = 1; 
end 
end 
end 
endfunction 


(b) module TEST GT(A, B, C); 
parameter N = 8; // N is the length of the bit vectors 


input [N-1:0] A, B; 
output C; 


assign С = СТ(А, В, М); 


endmodule 


8.5 

Verilog functions must have at least one input and can only return one value (no outputs or inouts); 
Verilog tasks can have any numbers of inputs, outputs, or inouts 

Verilog tasks can contain time-controlled statements; Verilog functions cannot 

Verilog tasks can call other tasks and functions; Verilog functions can only call other functions 


8.6 module SortTen (); 
integer ARRAY [9:0]; 
integer file, count, k; 


initial 
begin 
//read the numbers from the file and put them in ARRAY 
file = S$fopen("sort.txt","r"); 
for (k=0; k<10; k=k+1) 
begin 
count = $fscanf(file, "Sd", ARRAY[k]); 
end 
Sfclose(file); 


//sort the numbers 
sort (ARRAY[0], ARRAY[1], ARRAY[2], ARRAY[3], ARRAY[4], //inputs 
ARRAY[5], ARRAY[6], ARRAY[7], ARRAY[8], ARRAY[9], //inputs 
АВВАУ [0], ARRAY[1], ARRAY[2], ARRAY[3], ARRAY[4], //outputs 
ARRAY[5], ARRAY[6], ARRAY[7], ARRAY[8], ARRAY[9]); //outputs 
end 


task sort; 
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input [31:0] in0, inl, in2, in3, in4, in5, in6, in7, in8, 119; 
output [31:0] out0, outl, out2, out3, out4, out5, out6, out7, out8, 
out9; 


reg [31:0] t [9:0]; //temporary array used for indexing the elements 
reg [31:0] temp; //temporary register for swapping 


integer i, j; 
begin 


t[0] 
t[5] 


in0; t[1] 
in5; t[6] 


inl; t[2] 
in6; t[7] 


in2; t[3] 
in7; t[8] 


in3; t[4] 
in8; t[9] 


in4; 
in9; 


for (i20; 1<10; 1=1+1) 
begin 
for (1-0; j«10; j2j*1) 
begin 
if (t[j] > t[j*1]) 
begin 
temp = t[j]; 
t[j] = t[j+1]; 
t[j+1] = temp; 
end 
end 
end 


outo [0]; out1 
out5 = [5]; out6 
end 

endtask 


t[1]; out2 
t[6]; out7 


t[2]; out3 
t[7]; outs 


t[3]; out4 t[4]; 
t[8]; out9 = t[9]; 


endmodule 


8.7 (a) task count ones; 
input [4:0] size; 
input [N-1:0] bitvec; 
output [4:0] numOnes; 


integer i; 


begin 
numOnes - 5'd0; 
for (i = 0; і < size; і = i + 1) 
begin 
if (bitvec[i]) 
numOnes = numOnes + 5'а1; 
епа 
епа 
endtask 


(b) module test countOnes(A, B); 
parameter М = 8; // М is the length of the bit vector 


input [N-1:0] A; 
output reg [4:0] B; 


always Q (A) 
count ones(N, A, B); 


endmodule 
88 module BCD (CLK, LD, BCDin, Cin, Cout); 
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8.9 


8.10 


input СІК, LD; 
input [15:0] BCDin; 
input Cin; 

output reg Cout; 


reg [15:0] BCDacc; 
reg [3:1] C; // internal carry signals 


initial 

begin 
BCDacc = 16'b0000000000000000; 
C = 3'5000; 

епа 


always @(posedge CLK, posedge LD) 
begin 
if (LD == 1'b1) 
begin 
addBCD4 (BCDin[3:0], BCDacc[3:0], Cin, BCDacc[3:0], C[1]); 
addBCD4 (BCDin[7:4], BCDacc[7:4], C[1], BCDacc[7:4], C[2]); 
addBCD4(BCDin[11:8], BCDacc[11:8], C[2], BCDacc[11:8], C[3]); 
addBCD4 (BCDin[15:12], BCDacc[15:12], C[3], BCDacc[15:12], Cout); 
end 
end 


task addBCD4; 
input [3:0] x, y; 
input с іп; 
output [3:0] sum; 
output c out; 


begin 
if (х+у+с in»4'd9) 
(с out,sum) = xtytc int4'd6; 


(a) 
0110011. 


else 
{с out,sum) = х+у+с in; 
епа 
endtask 
endmodule 
Time | B C 
0 0000 0000 
5 0110 0000 call P1 


5+A 0110 1100 
5+2A | 0110 0110 continuous assignment 
6 0110 1100 call Pl 


When B changes, the first call to P1 is given priority over the continuous assignment. However, 
during the second call to P1 one second later at time = 6, the continuous assignment does not occur 
because the right hand side (B) doesn't change. 


(b) р4= 2 хпог d3 xnor d4; 


p2 = 91 xnor d3 xnor d4; 
pl = 41 xnor d2 xnor 44; 
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Yes, the bit 3 (d1) from left is wrong. The original data is 0110, and the correct code word is 


53 = р4 хпог 42 хпог 43 хпог 44; 
52- р2 хпог 41 хпог 43 хпог 44; 
S1 = pl xnor d1 xnor 42 xnor 44; 


(c) 
module error detector(data, PARITY, Syndrome); 
input [6:0] data; 
input PARITY; 
output [2:0] Syndrome; 
assign Syndrome[2] = (PARITY)? (data[3] ^ data[4] ^ data[5] ^ 
ааға |61) : (data[3] ~^ data[4] ~^ data[5] ~^ data[6]); 
assign Syndrome[1] - (PARITY)? (data[1] ^ data[2] ^ data[5] ^ 
data[6]) : (data[1] ~^ data[2] ~^ data[5] ~^ data[6]); 
assign Syndrome[0] - (PARITY)? (data[0] ^ data[2] ^ data[4] ^ 
ааға |61) : (data[0] ~^ data[2] ~^ data[4] ~^ data[6]); 
endmodule 
(d) 


task error p even; 
input [6:0] data; 
output [2:0] Syndrome; 
begin 
Syndrome [2] 
Syndrome [1] 
Syndrome [0] 
end 
endtask 


data[3] ^ data[4] ^ data[5] ^ data[6]; 
data[1] ^ data[2] ^ data[5] ^ data[6]; 
data[0] ^ data[2] ^ data[4] ^ data[6]; 


task error p odd; 
input [6:0] data; 
output [2:0] Syndrome; 


begin 
Syndrome[2] = data[3] ~^ data[4] ~^ data[5] ~^ data[6]; 
Syndrome[1] = data[1] ~^ data[2] ~^ data[5] ~^ data[6]; 
Syndrome[0] = data[0] ~^ data[2] ~^ data[4] ~^ data[6]; 
end 
endtask 


8.11 module Circuit(A, В, С, D, E, Y); 
input А, В, C, D, E; 
output Y; 


wire X1, X2; 


and #(15) andl (X1, А, B, C); 
xor d (14, 16) xorl (X2, D, E); 
nor #(12, 14) norl (Y, ХІ, X2); 


endmodule 


8.12 primitive jkff(q, сік, 3, К, C, р); 
output q; 
input clk, j, k; 
input c, p; 


reg q; 
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//clk 1 k с р а q+ 
? ? ? 1 0 ? 0; //clear 
? ? ? 0 1 ? 1; //preset 
(01) 0 0 0 0 ? - ; //clock rising edge 
(01) 0 1 0 0 ? 0. 3 
(01) 1 0 0 0 ? 422% 
(01) 1 1 0 0 0 15% 
(01) t. 1 0 0 1:0; 
(10) ? ? 0 0 ? - ; //clock falling edge 
? ? ? 0 0 ? ; //steady clock 
endtable 
endprimitive 


8.13 primitive odd parity(p, x3, x2, xl, x0); 
output p; 


input x3, x2, хі, x0; 
table 
//x3 x2 хі x0 p 
О 9 ОЕ 
0. 0 0 E ONE: 
0 0 Dos СЫ. 
0 0 1 ; 
0 1 0 0 0; 
052-0902 ; 
0 1 0 185; 
9r uL 1 (), 2% 
о 0 0 0; 
0 0 1 7 
0 0 1; 
0 1 0; 
10 0 1; 
1 0 220247 
Ï 0x 7022; 
а. 1-25 1722 
endtable 
endprimitive 


8.14 (a) and (b) 


module P8 14(A, B, C, D); 
input A, B; 
output reg C, D; 


reg RegB; 


// partA 
always Q(A) 
begin 
RegB - B; 
#3 
if (RegB == B) 
D = “Б; 


#2 С = ~A; 
епа 


// partB 
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specify 
$setup (B, posedge A, 2); 
Shold (posedge А, B, 1); 
$width (negedge B, 10); 
endspecify 
endmodule 


8.15 module addr decoder(addr, check, Sel); 
input [7:0] addr; 
input [5:0] check; 
output Sel; 


assign Sel = isEqual(addr[7:2], check[5:0]); 


function isEqual; 
input [5:0] addr vec, check vect; 


reg result; 
integer i; 


begin 
result = 1'bl; 
for (i=0; i<6; i=i+1) 
begin 
if (addr _vec[i]!=check vect[i] && check vect[i]!==1'bxX) 
begin 
result = 1-50; 
end 
end 
isEqual = result; 
end 
endfunction 


endmodule 


8.16 module OctDFF (D, ОЕ Б, CLK, 0); 
input D, ОЕ Б, CLK; 
output О; 


reg store; 


specify 
Swidth (posedge CLK, 15); 
Ssetup (D, posedge CLK, 15); 
Shold (posedge CLK, D, 5); 

endspecify 


always 8 (posedge CLK) 


begin 
if (D === 1'bZ || D === 1'bX) 
store <= 1'bxX; 
else 
store <= D; 
end 
assign Q = (OE b == 1'01) ? 1-52 
(OE b == 1'bO && CLK !== 1'bX) ? store : 1'bx; 
endmodule 


8.17 function cmpZ; 


187 


© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


input [7:0] а, b; 


reg result; 
integer i; 


begin 
result = 1'bl; 
for (i20; 1<8; i=i+1) 
begin 
if (a[i]!2-b[i] || а[і]===1'0х || 5[1] ===1'ЪХ) 
Бедіп 
result = 1-50; 
епа 
епа 


спр2 = result; 
епа 
endfunction 


8.18 
EA 
= 
EA F 
EB 
B 
ы 1 
Ld 
= 
Ст А 
m 
8.19 (а) 
SO / WEb 
Y 
Note: WEb is 1 unless 
set to 0. 
Y 
Koy 
1 
Y 
Y 
(b) module top (CLK, Pass, Fail); 
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input CLK; 
output reg Pass, Fail; 


integer state, nextstate; 
wire к, Eq; 

reg inc, WEb; 

reg [7:0] CNTR; 

wire [7:0] RAMbus; 


assign К = (CNTR == 8'hFF) ? 1: 0; 
assign Eq - (CNTR -- RAMbus) ? 1 : 0; 
assign RAMbus = (МЕБ == 1'b0) ? CNTR : 8'bZZZZZ22Z2; 


//module RAM block (CS b,WE b,OE b,Address,IO); 
RAM block RAM256(1'b0, WE b, 1'b0, CNTR, RAMbus) ; 


initial 

begin 
inc = 0; 
МЕБ = 1; 
CNTR = 8"500000000; 
state = 0; 
nextstate = 0; 

end 


always @(state, К, Eq) 

begin 

МЕХ = 1'bl; inc = 0; Fail = 0; Pass = 0; 
case (state) 


0 : begin 
МЕБ = 0; nextstate = 1; 
end 
1 : begin 
inc ж 1'bl1; 
if (К == 0) 
nextstate = 0; 
else 
nextstate - 2; 
end 
2 : begin 


inc = 1'b1; 
if (Eq -- 0) 


nextstate = 3; 
else if (K -- 0) 
nextstate = 2; 
else 
nextstate = 4; 
end 
3 : Fail = 1'b1; 
4 : Pass = 1'b1; 
endcase 


end 


always (posedge СІК) 


begin 
State <= nextstate; 
if(CNTR == 8'hFF) CNTR <= 8'h00; 
else CNTR <= CNTR + 1751; 
end 
endmodule 
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8.20 
Clk 


MEL eer i 


8-bit counter  |(0) 


control 


ГТ 


(even bits) (odd bits) 


8-bit comparator l 
Address E 


RAM 
256x8 


K=1 when counter is in state 255 
Eq =1 when checker pattern = data out of memory 
WEb = 0 enables tri-state buffer 


SO / WEb 
Y 
S1/inc Note: 
WEb is 1 unless set to 0. 
Y 
—e 
1 
Y 
S2/ inc 
0 53 / Fail 


Y 
1 
Y 
ZOS 


module Chex test (CLK, Pass, Fail); 
input CLK; 
output reg Pass, Fail; 


integer state, nextstate; 
wire oddbit, evenbit; 
wire к, Eq; 

reg WE b, inc; 

reg [7:0] CNTR; 

wire [7:0] DATA, RAMbus; 


initial 

begin 
WE b = 1'01; 
inc = 1'60; 


CNTR - 8'h00; 
state = 0; 
nextstate - 0; 
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епа 


assign К = (CNTR == 8'hFF) ? 1l'bl : 17500; 

assign Eq = (DATA == RAMbus)? 1-51 : 1-50; // comparator 

assign oddbit = CNTR[0]; // odd bit generator 

assign evenbit - «oddbit; // even bit generator 

assign DATA - (oddbit, evenbit, oddbit, evenbit, oddbit, evenbit, 
oddbit, evenbit}; 

assign RAMbus = (WE b == 1'b0)? DATA : 8'bZZZZ2Z2222; // buffer to RAM IO 


//module RAM block (CS b,WE b,OE b,Address,IO); 
RAM block RAM256(1'b0, WE b, 1'b0, CNTR, RAMbus) ; 


always @(state, К, Eq) 
begin 
WE b = 1-51; inc = 1'b0; Fail = 1'b0; Pass = 1'b0; 
case (state) 
0 : begin 
WE = 1-50; 
nextstate = 1; 
епа 
1 : begin 
ino = 1'bl; 
if (К == 1'00) 


nextstate - 0; 
else 
nextstate - 2; 
end 
2 : begin 


inc = 1'b1; 
if (Eq == 1'b0) 


nextstate - 3; 
else if (К == 1"Б0) 
nextstate - 2; 
else 
nextstate = 4; 
end 
3 : Fail = 1'b1; 
4 : Pass = 1'b1; 
endcase 


end 


always 8 (posedge CLK) 
begin 
State <= nextstate; 
if (inc == 1'b1) 


begin 
if (CNTR == 8'hFF) 
CNTR <- 8'h00; 
else 
CNTR <= CNTR + 1'bl; 
end 
end 
endmodule 
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8.21 (а) ER 


rm 


0) n 
y control 


(even bits) (odd 
8-bit comparator 


Г | 
Ex 


K=1 when counter is in state 255 

Eq=1 when checker pattern = data out of memory 
RAM WEb - 0 enables tri-state buffer 

256x8 RP = 0 for original pattern (first pass) 

= 1 for the reverse pattern (second pass) 


Address 


(b) 
Y 
SO / WEb 
WEb is 1 unless set to 0. 
Y RP = 0 initially and does not 


0 < change until set to 1. 


(c) module Chex test2 (CLK, Pass, Fail); 
input CLK; 
output reg Pass, Fail; 


integer state, nextstate; 
wire oddbit, evenbit; 
wire к, Eq; 

reg WE b, inc, RP, setRP; 
reg [7:0] CNTR; 

wire [7:0] DATA, RAMbus; 


initial 

begin 
WE b = 1'01; 
inc = 1'60; 
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ВР = 1'b0; 
setRP = 1'b0; 
CNTR = 8'h00; 


state = 0; 
nextstate = 0; 
end 
assign К = (CNTR == 8'hFF) ? 1'þb1 : 1'b0; 
assign Eq = (DATA == RAMbus)? 1'bl : 1'b0; // comparator 


assign oddbit = CNTR[0] ^ RP; // odd bit generator 

assign evenbit = ~oddbit; // even bit generator 

assign DATA = {oddbit, evenbit, oddbit, evenbit, oddbit, evenbit, 
oddbit, evenbit}; 

assign RAMbus = (WE b == 1'b0)? DATA : 8'ÞZZZZZZZZ; // buffer to RAM IO 


 b,WE b,OE b,Address, ТО); 
р, 1'bO, CNTR, RAMbus) ; 


//module RAM6116 (CS 
RAM6116 RAM(1'b0, WE 


always @(state, К, Eq, ЕР) 
begin 
WE = l'bl; inc = 1'b0; Fail = 1'b0; Pass = 1'b0; setRP = 1'b0; 
case (state) 

0 : begin 
WE b = 1-50; 

nextstate = 1; 
end 
1 : begin 

inc = 1'b1; 

if (К == 1'00) 


nextstate - 0; 
else 
nextstate - 2; 
end 
2 : begin 


inc = 1'b1; 
if (Eq == 1'b0) 


nextstate = 3; 
else if (К == 1"Б0) 
nextstate - 2; 
else if (RP == 1'b0) begin 
nextstate = 0; 
setRP = 1'b1; 
end 
else 
nextstate = 4; 
end 
3 : Fail = 1'b1; 
4 : Pass = 1'b1; 
endcase 


end 


always 8 (posedge CLK) 


begin 
state <= nextstate; 
if (setRP == 1'bl) 
begin 
RP <= 1'Ы1; 
end 
if (inc -- 1'b1) 
begin 
if (CNTR == 8'hFF) 
CNTR <- 8'h00; 
else 
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CNTR <= CNTR + 1151; 
end 
end 


endmodule 


8.22 module TFF (CLK, T, Q, Qn); 
parameter Trise = 8; 
parameter Tfall 10; 
parameter Tclkmin = 15; 
parameter Tsetup = 4; 
parameter Thold = 2; 


input CLK, T; 
output reg О, Оп; 


reg Qint, Qintc; // internal signals 


initial 
begin 
Qint = 1'50; 
Qintc = 1'b1; 
end 


always 8 (posedge CLK) 
begin 
if (T == 1'b1) 
begin 
Qint <= Qintc; 
Qintc <= Qint; 
end 
end 


always @(Qint) 


begin 
if (Qint == 1'b1) 
#(Trise) Q = Qint; 
else 
#(Tfall) О = Qint; 
end 


always @(Qintc) 
begin 
if (Qintc == 1'b1) 


#(Trise) Оп = Qintc; 
else 
#(Tfall) Оп = Qintc; 
епа 
specify 


$width (posedge CLK, Tclkmin); 

$setup (T, posedge CLK, Tsetup); 

Shold (posedge CLK, T, Thold); 
endspecify 


endmodule 
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8.23 (а) module DFF(CLK, CLR, D, О, Оп); 
parameter tplh - 10; 
parameter tphl - 10; 
parameter tsu = 5; 
parameter th - 3; 
parameter tcmin - 20; 


input CLK, CLR, D; 
output reg O, On; 


reg Qint, Qintc; // internal signals 


initial 
begin 
Qint = 1'00; 
біліс = 1'b1; 
епа 


always @(posedge CLK, negedge CLR) 
begin 
if (4CLR) // active low asynchronous clear 
begin 
Qint <= 1'b0; 
Qintc <= 1'bl; 
end 
else 
begin 
Qint <= D; 
Qintc <= «D; 
end 
end 


always @(Qint) 


begin 
if (Oint == 1'b1) 
# (5216) О = Qint; 
е1зе 
#(tphl) О = Qint; 
епа 


always @(Qintc) 
begin 
if (Qintc == 1'b1) 
#(tplh) Оп = Qintc; 
е1зе 
#(tphl) Оп 
епа 


1 
10 
Б. 
3 
= 
о 


specify 
$width (posedge CLK, tcmin); 
Ssetup (D, posedge CLK, tsu); 
Shold (posedge CLK, D, th); 
endspecify 


endmodule 


(b) module DFF Test(); 
parameter М - 12; 


reg clk, reset, data; 
wire out, outc; 


reg [N-1:0] reset vec, data vec; 
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integer delay vec [N-1:0]; 
reg [N-1:0] out vec; 
reg [N-1:0] outc vec; 


initial 

begin 
clk 2:0; 
reset vec - 12'b111110111110; 
data vec = 12'b010011010001; 
delay vec[0] = 25; //t-25 
delay vec[1] = 8; //t=33 
delay vec[2] = 3; //t-36 
delay vec[3] = 9; //t=45 
delay vec[4] = 28; //t=73 
delay vec[5] - 22; //t-95 
delay vec[6] = 18; //t-113 
delay vec[7] = 12; //t-125 
delay vec[8] = 12; //t-137 
delay vec[9] = 8; //t=145 
delay vec[10] = 8; //t=153 
delay \ес[ 11] = 20; //t-173 
out vec = 12'b100000110000; 
outc vec = 12'b011111001111; 


end 


always 
#10 сік = есік; // min clock period 20 ns 


integer i; 


always 
begin 
for (i = 0; i< М; i=i +1) 
begin 
reset ш reset vec[i]; 


data = data vec[i]; 


#(delay vec[i]) 


if (out!zout vec[i] || outc!=outc_vec[i]) 
begin 
$display("Output Mismatch"); 
end 
end 
$stop; 


end 


DFF dff1 (clk, reset, data, out, outc); 
endmodule 


8.24 module CMP(A, B, EQ, GT); 
parameter М = 8; // М is the length of the bit vectors 


input [N-1:0] A, B; 
output reg EO, GT; 


reg LT; 
integer i; 


always Q(A, B) 
begin 
ЕО = 1; GT = 0; IT = 0; 
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for (izN-1; 1>=0; 1=1-1) 


Бедіп 
if (А[1]>В[1] && LT == 1:50 && СТ == 150) 
Бедіп 
GT = 1'b1; 
E 1'50 
епа 
else if(A[i]<B[i] && LT == 1-50 && GT == 1150) 
Бедіп 
LT = 1'b1; 
ЕО = 1'b0; 
епа 
епа 
епа 
endmodule 


8.25 module P8 25 (abus, dbus, sel, wr); 
input [14:0] abus; 
inout [31:0] dbus; 
input sel; 
input wr; 


genvar i; 
generate 
for (i20; 1<4; 1=1+1) 
begin: gen loop 
SRAM MemX (.address(abus), .data(dbus[i*847:i*8]), 
.св b(sel), .we b(wr), .oe b(1'b 0)); 
end 
endgenerate 


endmodule 


8.206 module Shift Register(SI, Sh, CLK, SO); 
parameter М = 16; // М is the number of bits in the shift register 


input SI, Sh, CLK; 
output 50; 


wire [N-1:1] Qint; 


// instantiate middle DFFs 
genvar i; 
generate 
for (ісі; i<N-1; 1=1+1) 
Бедіп 
// module DFF(clk, се, а, а); 
DFF dffx(CLK, Sh, Qint[i*1], Qint[i]); 
end 
endgenerate 


// instantiate end DFFs 
DFF dffn 1(СІК, Sh, SI, Qint[N-1]); 
DFF dffO(CLK, Sh, Qint[1], SO); 


endmodule 


8.27 module and N(A, B, C); 
parameter М = 4; 
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input [N-1:0] А; 
input B; 
output [N-1:0] C; 


genvar i; 
generate 
for (i20; 1<М; 1=1+1) 
begin: gen loop 

and AND1 (C[i], А[1], В); 
end 
endgenerate 


endmodule 


8.28 (а) NOR2 #(5, 4, 3) 02 (in3, іп4, out2); 


(b) defparam U2.Trise - 4; 
defparam U2.Tfall = 3; 
defparam 02.1оаа = 2; 
NOR2 U2 (in3, in4, out2); 


(c) rise time: 3 ns 
fall time: 2 ns 
fan-out time: 3 ns 


(d) If using the instantiation in part (a), rise delay - 14 ns and fall delay - 13 ns. 
If using the instantiation in part (b), rise delay - 10 ns and fall delay - 9 ns. 


8.22 module top(X,Y,P); 
input [3:0] X,Y; 
output [7:0] P; 


wire [3:0] and gate out [0:3]; 
wire [3:0] adder sum out [0:3]; 
wire [3:0] adder carry out [1:3]; 


//16 and gates 
genvar i,j; 


generate 
for (i20; 1<-3; 1=1+1) 
begin 
for (1-3; 1>-0; ј=)-1) 
Бедіп 
and2 and2 x(X[jl, У[1], and gate out[i][j]); 
епа 
епа 
endgenerate 
assign adder sum out[0] т and gate out[0]; //row 0 has no adders 


//create half-adders at end of row 
generate 

for (ісі; 1<=3; 1=1+1) 

begin 

НА НА x(adder sum out[i-1][1], and gate out[i][0], 
adder sum out[i][0], 
adder carry out[i][0]); 
end 
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endgenerate 


//create half-adder at far left of second row 
HA HA 1(апа gate out[11[3], adder carry out[1][2], adder sum out[1] [3], 
adder carry out[1][31); 


//create full-adders at far left of third and fourth row 
genvar r; 
generate 
for (r=2; r<=3; r=rt1) 
begin 
FA FA_x(and_gate_out[r][3], adder carry out[r-1][3], 
adder carry out[r][2], 
adder sum out[r][3], adder carry out[r][3]); 
end 
endgenerate 


//generate 2 full-adders in middle of each row 
genvar К,1; 


generate 
for (k=1; k<=3; k=k+1) 
begin 
for (1=2; 1>=1; 1=1-1) 
begin 


FA FA хх (апа gate out[k][1], adder sum ооё [®-1] [1+1], 
adder carry оп [К] [1-1], 
adder sum_out[k][1], adder carry out[k][1]); 
end 
end 
endgenerate 


assign P[7] = adder carry out[3][3]; 
assign P[6:3] = adder sum out[3][3:0]; 
assign P[2] = adder sum out[2] [0]; 
assign Р[1] = adder sum out[1] [0]; 
assign P[0] = and gate out[0][0]; 


endmodule 


module and2(A,B,C); 
input A, B; 
output C; 
assign C = A&B; 
endmodule 


module HA(A,B,S,Co); 
input A, B; 
output Co, S; 
assign 5 = А^В; 
assign Co = A&B; 
endmodule 


module FA(A,B,Cin,S,Co); 
input A, B, Cin; 
output Co, S; 
assign S = A^B^Cin; 
assign Co = (A&B) | (A&Cin) | (B&Cin); 


endmodule 

8.30 file = Sfopen("FILE2", "r"); 
for (1=0; 1<5; і=і+1) 
begin 
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count = $fscanf(file, "Sd", B[i]); 
end 
Sfclose(file); 


8.31 task fileAssign; 
input [31:0] file; 
// signal is a global integer. 
// Otherwise, it is updated only once when the task completes. 
integer delay, value, count; 


begin 
while (!Sfeof(file)) 
begin 
count = $fscanf(file, "%d", delay); 
count = Sfscanf(file, "Sd", value); 
#(delay) signal = value; 
end 
end 
endtask 


8.32 module top(sig); 
“define N 3 // N is the size of the bit vector 
input [`№-1:0] sig; 


alwaysQ (sig) 
begin 

logger (sig); 
end 


task logger; 

input [`№-1:0] sig; 

integer file; 

begin 
file = $fopen("filename","a"); //open for appending at end of file 
Sfwrite(file, "$0dns : $d Ха", $time, sig); 
Sfclose(file); 

end 

endtask 


endmodule 
8.33 regA: 503 
regB: 256 
Because RegB is not declared as a signed reg, $signed() will have no effect. 
8.34 (a) Add the following lines inside the module: 
“define Sum(x,y) x+y 


parameter A = 9; 
parameter B = 11; 


(b) The sum of 9 and 11 is 20 


8.35 $stop will temporary suspend simulation, but $finish will exit the simulator. 
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8.36 
Time Enc Ena Enb Bus 


0 2 7 7 7 

2 1 0 0 8415 
4 0 1 0 895 
6 0 0 1 8410 
8 1 1 1 X 

10 1 1 1 X 
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9.1 


9.2 


9.3 


9.4 


9.5 


9.6 


9.7 


9.8 


9.9 


Chapter 9: Design of a Risc Microprocessor 


ISA means Instruction Set Architecture. Yes, the Pentium 3 and 4 both use the x86 ISA. 


No. X could have many addressing modes for each instruction, non uniform instruction widths, many 
instruction formats, a non load/store architecture, or many implied operands with each instruction. 


Uniform instruction length, few instruction formats, few addressing modes, large number of 
registers, load/store architecture, no implied operands or side-effects. 


A RISC ISA uses a small and simple set of instructions, unlike the CISC ISA, which uses a variety 
of complex instructions and versatile addressing modes. The benefits of a RISC ISA are simpler 
instruction decoding, larger number of high-speed registers, and no implied operands or side effects. 
The benefits of a CISC ISA are more compact instruction sizes, often resulting in a smaller 
instruction memory size. Because RISC instructions are simpler and can be pipelined easily, each 
RISC instruction require fewer processor clock cycles to go through an instruction cycle. Thus, 
RISC machines have higher instructions per cycle (IPC). 


addiu is an unsigned add-immediate. Unlike the signed add-immediate instruction addi, addiu 
never causes an overflow exception. 


Branch instructions will either cause the processor to start execution of an instruction sequence 
starting at a specified memory location or continue execution of the current instruction sequence, 
depending on whether the branch condition is taken or not taken. However, jump instructions 
unconditionally cause the processor to start execution of an instruction sequence starting at a 
specified memory location. 


(i) 00E83020 
(1) 8СС50004 
(iii) 2443F830 
(iv) 00071B00 
(у) 10С5ЕЕЕ0 
(vi) 080003E8 


(1) 20850FA0 
(ii) AC650014 
(iii) 00432021 
(iv) 14430020 
(v) 00A00008 
(vi) 0С000700 


(i) andi $19, $25, 13056 
(ii) lw $13, -29299(512) 
(iii) bne $27, $23, -256 

(iv) illegal opcode 

(v) illegal opcode 
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9.10 (i) addi 50, $1, 8224 
(ii) mult $7, $7 

(11) реа 530, $19, 200 
(iv) s1t $5, $12, $18 


(V) jal -9956700 


9.11 andi $3, $3, 0 

addi $2, $3, 400 
loop: lw $15, 4000($3) 

lw $14, 8000 (53) 
mult $14, $15 
mflo $14 
Sw $14, 4000 (53) 
аааі 53, 53, 4 
bne 53, $2, loop 


;initialize loop counter $3 to 0. See Note. 
;loop bound. Since $3 has 0, it is used. 

;load x(i) to R15 

;load y(i) to R14 

shi, lo = 614 * $15 

;514 = low bits 

;save new x(i) 

;update address register, address- address + 4 
;check if loop counter-loop bound 


Note: In an actual MIPS, register $0 is always 0. So clearing register $3 can be done by add $3, $0, 


$0. 
9.12 andi $3, $3, 0 

addi $2, $3, 400 
lw $14, 4000 (53) 

loop: lw $15, 4004($3) 
add 514, $14, 515 
Sw $14, 4004($3) 
addi $3, $3, 4 
bne 53, $2, loop 


;clear loop counter $3. See Note. 

;loop bound 

;load х(1-1) to R14 

;load x(i) to R15 

7$14 = x(i) + x(i-1) 

;save new x(i) 

;update address register, address- address - 4 
;check if loop counter=loop bound 


Note: In an actual MIPS, register $0 is always 0. So clearing register $3 can be done by add $3, $0, 


$0. 


9.13 $3, 
$2, 
$16, 
$15, 
$14, 
$16, 
$15 
$14, 
$14, 
$3, 
$3, 


$3, 0 
$3, 400 


andi 
addi 
lw 
lw 
lw 
mult 
mflo 
add 
Sw 
addi 
bne 


4000($3) 
8000($3) 
$15 


loop: 


$14, $15 
8000($3) 
$3, 4 

$2, loop 


12000($3) 


;initialize loop counter $3 to 0. See Note. 


;loop bound 


;516 = а 

Тоа: (С) to R15 

;load у(1) to R14 

;hi, lo =a * x(i) 

;$15 = low bits of a * x(i) 

7$14 = а * x(i) + y(i) 

;save new у(1) 

;update address register, address- address + 4 


;check if loop counter-loop bound 


Note: In actual ап MIPS, register $0 is always 0. So clearing register $3 сап be done by add $3, $0, 


$0. 
9.14 addi $1, $0, 0; i=0 

addi $2, $0, 40 outer for loop bound 

Sfor: lw $3, 2000($1) load x(i) into R3 
lw $4, 4000($1) load y(i) into R4 
mult $3, $4 
mfhi $3 ; higher part of x(i) * y(i) 
sw $3, 2000($1) save new x(i) 
addi $5, $0, 0; х = 0 

Swhile: lw $6, 4004($1) load y(i*1) into R6 


204 


© 2016 Cengage Learning. АП Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


add $4, 56, $4 ; y(i) + y(i*1) 
sw $4, 4000($1) ; save new y(i) 
addi $5, $5, 1; zz +- 1 
SIEDS TI Sa 20 2 xw 20 

bne $7, $0, $while 

addi Sl, S1; 4-5 14 

bne $1, 52, Sfor 


Note: In actual an MIPS, register $0 is always 0. So comparing with 0 can be done by bne $7, $0, 
$label. 


9.15 For a Spartan 3 FPGA prototyping board: 605 slices, 189 flip-flops, 1104 LUT4s, and no block 
memories (the register file was implemented as distributed RAM). 


9.16 (a) This solution is for a prototyping board based on the Spartan 3 FPGA. The board has a 50 MHz 
clock. This solution uses 1 switch on the prototyping board as the HALT switch and 8 LEDs оп 
the prototyping board to display the lower 8 bits of Register 1. 


Modifications to Figure 9-6 (Register File) 
е In the port interface list, add Reg1: 
module ВЕС (CLK, RegW, DR, 581, SR2, Reg In, ReadRegl, ReadReg2, 
Regl); 
е [п the list of interface ports, add: 
output reg [7:0] Regl; 
e Inthe always block, after the assignments to ReadReg1 and ReadReg2, add the 


statement: 
Regl <= REG[1][7:0]; //low 8 bits of $1 


Modifications to Figure 9-8 (Processor) 
e In the port interface list, add Reg1: 
module MIPS (CLK, RST, CS, WE, ADDR, Mem Bus, Regl); 
e In the list of interface ports, add: 
output [7:0] Regl; 
e Add Reg1 to the REG module instantiation statement, for example: 
REG Register(CLK, regw, dr, “srl, ^sr2, reg in, readregl, readreg2, 


Reg1); 


Modified Figure 9-9 (Complete MIPS) 
module Complete MIPS (Clk50Mhz, RST, Halt Switch, A Out, D Out, LEDs); 


input Clk50Mhz; 
input RST; 

input Halt Switch; 
output [31:0] A Out; 
output [31:0] D Out; 
output [7:0] LEDs; 


wire CS, WE; 
wire [31:0] ADDR, Mem Bus; 
wire CLK; 

reg Clk8Hz; 

reg [31:0] count; 


initial 

begin 
Clk8Hz = 1'50; 
count = 0; 
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епа 


assign CLK = (Halt Switch == 1150) ? Clk8Hz 


assign А Out - ADDR; 
assign D Out = Mem Bus; 


// 50MHz to 8Hz clock divider 
always @(posedge Clk50Mnhz) 
begin 
if (count == 6250000) 
begin 
count <= 1; 
if (Clk8Hz == 1'bl) 
begin 
Clk8Hz <= 1'5b0; 
end 
else 
begin 
Clk8Hz <= 1'b1; 
end 
end 
else 
begin 
count <= count + 1; 
end 
end 


MIPS CPU(CLK, RST, CS, WE, ADDR, Mem Bus, L 


Memory MEM(CS, WE, CLK, ADDR, Mem Bus) 


endmodule 


, 


1'b0; 


EDS); 


(b) This solution assumes a 100 Hz clock, and all offsets and jumps are based on the word- 
addressed memory used by Figure 9-8. This solution uses patterns loaded from memory. An 
alternate implementation could use 1 pattern and shift instructions. However, we have not 
implemented a rotate instruction; hence, restarting after the 8" pattern must be implemented 


with an extra jump instruction (j 2 in our case) 


Line Machine Code | MIPS Assembly Code 


(branch to 5) 


load next pattern (go to 3) 


0 x"30000000" | andi $0, $0, 0 ;clear $0.See Note 1. 

1 x"20040008" | addi $4, $0, 8 ;54 = number of patterns = 8 

2 х"30420000" | andi $2, $2, 0 ;52 = pattern offset counter = 0 

3  x"8C41000A" | lw 51, 10(52) ;load new light pattern 

4 х"2003000С" | addi $3, 50, 12 ;load delay counter with 12 (see Note 2) 
5  x"2063FFFF" | addi $3, $3, -1 ;decrement delay counter 

6 x"1460FFFE" | bne 53, $0, -2 ;if counter is not 0, repeat loop 

7 х"20420001" | addi $2, $2, 1  ;increment offset counter 

8 x"1444FFFA" | bne $2, $4, -6 ;when counter /- 8, 

9 x"08000002" | 3j 2 ;when counter - 8, restart sequence 
10 x"00000080" (Data Memory) ;pattern 0 - "10000000" 
11 x"00000040" (Data Memory) ;pattern 1 - "01000000" 
12 x"00000020" (Data Memory) ;pattern 2 - "00100000" 
13 x"00000010" (Data Memory) ;pattern 3 - "00010000" 
14 х"00000008" (Data Memory) ;pattern 4 - "00001000" 
15 х"00000004" (Data Memory) ;pattern 5 - "00000100" 
16 x"00000002" (Data Memory) ;pattern 6 - "00000010" 
17 х"00000001" (Data Memory) ;pattern 7 - "00000001" See Note 3 


Note 1: This will not be required in an actual MIPS. $0 is always 0 in an actual MIPS; however, 


we have not implemented such a $0 in Figure 9-8. 
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Note 2: Delay calculation: Each light pattern should be active one second, ог 100 cycles with a 
100 Hz clock. Each light pattern begins when an 1w instruction (line 3) is executed. The 1w 
instruction on line 3 and addi instruction on line 4 require 9 cycles to execute. Each repetition 
of the delay counter loop (lines 5 and 6) requires 7 cycles. Finally, when the light pattern 
finishes, the addi and bne instructions on lines 7 and 8 are executed, taking 7 cycles. Thus, the 
required delay can be calculated as 100 =9 + 7*delay + 7, so delay = 12. 


Note 3: When pattern 7 is displayed, it will execute an extra jump (line 9) and andi (line 2) to 
restart the light sequence. Restarting causes the last pattern to last 5 cycles, or 0.05 seconds, 
longer then the other patterns. This delay is not compensated for in the solution to simplify the 


code. 


(c) This solution assumes a 100 Hz clock, and all offsets and jumps are based on the word- 


addressed memory used by Figure 9-8. 


Line | Machine Code | MIPS Assembly Code 
О x"30000000" | andi $0, $0, О ;clear $0 
1 x"20040006" | addi $4, $0, 6 ;54 - number of patterns - 6 
2 x"30420000" | andi $2, $2, 0 ;52 = pattern offset counter = 0 
3  x"8C41000A" | lw 51, 10(52) ;load new light pattern 
4 x"8c430010" | lw $3, 16($2) ;load delay counter 
5  x"2063FFFF" | addi $3, $3, -1 ;decrement delay counter 
6 x"1460FFFE" | bne $3, 50, -2 ;if counter is not 0, repeat loop (branch to 5) 
7 х"20420001" | addi $2, $2, 1 ;increment offset counter 
8 x"1444FFFA" | bne 52, $4, -6 ;when counter /- 6, load next pattern (go to 3) 
9 x"08000002" |j 2 ;when counter - 6, restart sequence 
10 x"0000000c" (Data Memory) ;pattern 0 - "001100". Order is RYG RYG 
11 х"00000014" (Data Memory) pattern 1 - "010100" 
12 х"00000024" (Data Memory) pattern 2 - "100100" 
13 х"00000021" (Data Memory) ;pattern 3 - "100001" 
14 x"00000022" (Data Memory) ;pattern 4 - "100010" 
15 х"00000024" (Data Memory) ;pattern 5 - "100100" 
16 х"00000045" (Data Memory) ;delay 0 - 69 - 5 seconds 
17 х"0000001А" (Data Memory) ;delay 1 - 26 - Approx 2 seconds (1.99 seconds) 
18  x"0000000c" (Data Memory) ;delay 2 - 12 - Approx 1 second (1.01 seconds) 
19 х"00000045" (Data Memory) ;delay 3 - 69 - 5 seconds 
20 x"0000001A" (Раба Метогу) ;delay 4 = 26 = Approx 2 seconds (1.99 seconds) 
21 x"0000000c" (Data Memory) ;delay 5 - 12 - Approx 1 second (1.01 seconds) 


Delay calculation: Same as part (b), except each new pattern begins with two loads instead of 
one load and one add, so each pattern will run for 10 + 7*delay + 7 cycles. Each pattern should 
run 100 cycles per second the pattern is active. Thus, delay for each pattern can be calculated as 
(100 * seconds — 17) / 7, rounded to the nearest integer. 


9.17 
Line | Machine Code | MIPS Assembly Code 
0 x"30000000" | andi $0, $0, 0 ;clear $0. See Note 1. 
1 x"20010001" | addi $1, $0, 1 ;51-1 
2  x"8C0O20007" | lw 52, 7($0) ;52 - F0002F2F. See Note 2. 
3 х"АС400000" | sw $0, 0($2) ;F0002F2F = 0 
4  x"08000005" |j 5 ;no-op (to making timing same, creating sq wave) 
5 x"AC410000" | sw $1, 0($2) ;F0002F2F = 1 
6 x"08000003" |j 3 restart 
7  x"F0002r2rF" (Data Memory) ;memory location 


Note 1: This will not be required in an actual MIPS. $0 is always 0 in an actual MIPS; however, we 


have not implemented such a register 0 in Figure 9-8. 
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Note 2: This Iw сап be avoided if lui instruction was implemented. A lui + add instruction will do 


the job. 


9.18 (a) Modifications to Figure 9-8: 


1. 


2: 


T. 


8. 


In the port interface list, add a new output v, for example: 
module MIPS (CLK, RST, CS, WE, ADDR, Mem Bus, V); 
In the list of interface ports, add the output: 
output reg V; 
In the list of interface ports, modify the declarations for a1u in A andalu in B as 
follows, and add the new signal below: 
wire [32:0] alu in A, alu in B; 
reg [32:0] alu calc; 
Modify the assignments to alu_in Aandalu in В as follows: 
assign alu in А = (readreg1[31], readregl}; 
assign alu in B = (reg or imm save == 1)? {imm ext[31], imm ext) 
(readreg2[31], readreg2); //ALU MUX (MUX2) 
Add the following line inside the initial block: 
alu calc 2 0; 
Replace the code for state 2 (i.e. 2:) with the following code: 
nstate - 3'd3; 


if (opsave == andl) alu calc = alu in A & alu in B; 

else if (opsave == orl) alu calc = alu in A | alu in B; 

else if (opsave == add) alu calc = alu in A + alu in B; 

else if (opsave == sub) alu calc = alu in A - alu in B; 

else if (opsave == srl) alu calc = alu in B >> "numshift; 

else if (opsave == 511) alu calc = alu in В << "numshift; 

else if (opsave == slt) alu calc = (alu in A < alu in B)? 33'dl 

33'd0; 

else if (opsave == хог1) alu calc = alu in A ^ alu in B; 
if (((alu in A == alu in В) &&(`орсоае == beq)) || 

((alu in А !2 alu in В) &&(`орсоае == bne))) begin 


npc = pc + imm ext; 
nstate - 3'd0; 


end 
else if ((`орсоае == рпе) | | (`орсойе == beq)) nstate = 3'd0; 
else if (орзауе == jr) begin 
npc - alu in А; 
nstate = 3'd0; 
end 
alu result = alu calc; 


In the clock always block, right below the begin for the always block, add: 
V <= 1'd0; 
In the clock always block, modify the state 2 if conditional: 


else if (state -- 3'd2) begin 
alu result save <= alu result; 
if('opcode == addi || (`орсоае == 0 && ^f code == 32)) 


V <= alu calc[32] ^ alu calc[31]; 
end 


(b) module MIPS Testbench (); 
reg CLK; 
wire CS, WE, V; 


parameter N 
parameter W 


12% 
46; 


reg [31:0] Instr List [W-1:0]; 

reg [31:0] exp output [N-1:0]; 

wire [N-1:0] exp V = 12'b010110100000; 
reg RST VCNT; 

reg [31:0] Mem Bus; 
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міге [31 


:0] Ааагез 


5; 


reg [31:0] AddressTB; 
wire [31:0] Address Mux; 


reg RST; 
reg init 


А 


wire МЕ Мих; 
wire CS Mux; 
reg WE TB; 
reg CS TB; 


reg VCNT 


А 


wire [31:0] Mem Bus wire = Mem Bus; 


integer i; 


initial 
begin 
str: 
nstr_ 
nstr_ 


List[0] = 
List[1] = 
List[2] = 


(no overflow) 


nstr_ 
bench chec 
nstr ` 
nstr_ 
nstr ` 


List[3] - 
K 
List[4] = 
List[5] = 
List[6] = 


32'h00000001" (no V) 


nstr_ 
bench chec 
nstr 
nstr_ 


List[7] = 
K 
List[8] = 
List[9] = 


(no overflow) 


nstr 
bench chec 
nstr 
nstr_ 
nstr 
; $3-32'hFF 
nstr_ 
bench chec 
nstr_ 
32'hFFFFFF 
nstr_ 
bench chec 
nstr_ 
nstr 
(overflow) 
nstr_ 
bench chec 
nstr_ 
nstr 
nstr _ 


- 9.19 only) 


stř _ 
bench chec 
nstr_ 
(overflow) 
nstr_ 
bench chec 
nstr_ 
nstr_ 
nstr ` 
;$1-232'h7F 
nstr_ 
bench chec 
nstr_ 
32'h7FFFFF 
nstr_ 
bench chec 
nstr_ 
nstr_ 


List[10] = 
k 
List[11] = 
List [12] 
List[13] = 
FFFFFF"+32 
List[14] = 
k 
List[15] = 
FF" (по V) 

List[16] = 
k 
List[17] = 
List[18] = 


List[19] = 
K 
List[20] = 
List[21] = 
List[22] = 


List[23] = 
K 
List[24] = 


List[25] = 
k 
List[26] = 
List[27] = 
List[28] = 
FFFFFF"+32 
List[29] = 
k 
List[30] = 
FF" (по V) 
List[31] 
k 
List [32] 
List [33] 
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32* 
322 
32 


32 


924 
32A 
32: 


32 


32! 
924 


32 


227 


= 32' 


222 
"HEE 
32 
227 
32" 


32" 
Syst 


32' 
32n 


322 
32" 


32 


32 


32 


227 
32" 
32" 
'h7F 
Ot 


32 


32 


32" 
32: 


h30000000; 
h8C020029; 
h20410001; 
hAC010040; 
h8C02002C; 
h8C030028; 
h00430822; 
hAC010040; 


h8C020028; 
h20410001; 


hAC010040; 
h8C02002D; 
h8C03002D; 
h00430820; 
hAC010040; 
h00430822; 
hAC010040; 


h8C02002A; 
h20410001; 


ҺАС010040; 
h8C02002B; 
h8C030028; 
h00430822; 
ҺАС010040; 
h2041FFFF; 
ҺАС010040; 
h8C02002A; 
h8C03002A; 
h00430820; 
ҺАС010040; 
100430822; 
ҺАС010040; 


h8C02002B; 
h8C03002B; 


// 
// 
// 


// 
А 
// 
// 
// 


// 
// 


// 
// 


// 
// 


FFFFFF"(no V) 


// 
// 
// 


// 
// 


Ж 
// 
// 
// 
// 
// 
// 
// 


// 
// 


РЕЕЕЕЕ" (М) 


// 
// 
// 
// 
// 


209 


H 


andi 


addi 


sub 


addi 


addi 


addi 


$2, 
$3, 


$2, 
53, 


52, 
53, 


$0, 0 

41 ($0) 
$2, 1 

64 ($0) 
44 ($0) 
40 ($0) 
$2, $3 
64 ($0) 


40 (50) 
$25 «1. 


64 ($0) 
45(50) 
45(50) 
52, 53 
64 ($0) 
$2, $3 
64 ($0) 


42 ($0) 
82-774 


64 ($0) 
43(50) 
40(50) 
52, 53 


64(50) 


; $020 
;$1232'h7FFFFFFE" + 1 


;Store to trigger test 


7$1="x80000001"- 


;store to trigger test 


7$1=32'h00000001" + 1 


;Store to trigger test 


;Store to trigger test 
;S$1-232'hFFFFFFFF"- 


;Store to trigger test 


;$1232'h7FFFFFFF" + 1 


;Store to trigger test 


;$1-$2 - $3 (overflow 
;Store to trigger test 
7$1=32'h80000000" - 1 


;Store to trigger test 


;Store to trigger test 
;$1-232'h7FFFFFFF"- 


;Store to trigger test 
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nstr | 


32"Һ80000000" 


nstr_ 
bench chec 
nstr 
nstr_ 
nstr_ 
e. 
nstr . 
bench chec 
nstr _ 
nstr 
nstr_ 
nstr_ 
nstr 
nstr_ 


// 
// 
// 
// 


it c 
rese 


p out 
p out 
p out 
p out 
p out 
p out 
p out 
p out 
p out 
p out 
p out 
p out 


CL 1 
RST VCN 
end 


9 only) 


List[34] 
(V) 

List[35] 
k 
List[36] 
List[37] 
List[38] 


List[39] 
K 
List[40] 
List[41] 
List[42] 
List[43] 
List[44] 
List[45] 


ts the 


put[0] 
put [1] 
put [2] 
put [3] 
put [4] 
put [5] 
put[6] 
put [7] 
put[8] 
put [9] 
put[10] 
put [11] 


'b0; 
Т 


32 


32 


32! 
324 
EZA 


32 


32! 
327 
32' 
EPA 
32* 
321 


is followed by a store. 
hecks the expected output, 


h00430820; 


hAC010040; 


h8C02002B; 
h8C03002A; 
h00430822; 


hAC010040; 


h00000001; 
h7FFFFFFE; 
h7FFFFFFF; 
h80000000; 
h80000001; 
hFFFFFFFF; 


W 


// 
// 


// 
// 
// 


// 


// 
// 
// 
// 
// 
// 


'overflow counter' 


1'b0; 


923 
9324 
327 
327 
32" 
327 
32' 
32' 
324 
Ost 
324 
32" 


h7 FFFFFFF; 
h80000000; 
h00000002; 
hFF FE; 
h00000000; 
h80000000; 
h7F > 
h7F 
hFFFFFFFE; 
h00000000; 
h00000000; 
h00000001; 


34. add 
35. sw 
36. lw 
37. lw 
38. sub 
39. sw 
40. Data 
41. Data 
42. Data 
43. Data 
44. Data 
45. Data 


$2, 


$2, 


$ , 


пепогу 
пепогу 
пепогу 
пепогу 
пепогу 
пепогу 


64 ( 


43 ( 
42 ( 


64 ( 


$3 ;$1-32'h800 


$0) ;store to t 
$0) 
$0) 
$3 ;$1=$2 - 53 


$0) ;store to t 
28 
29 
2A 
2B 
2C 
2D 


This test bench performs a series of test adds and subtracts. 
hen the test bench observes a store instruction, 
and the expected number of overflows, 


MIPS CPU (CLK, RST, CS, WE, Address, Mem Bus wire, V); 
Memory MEM (CS Mux, WE Mux, CLK, Address Mux, Mem Bus wire); 


always 
#10 CLK 


~CLK; 


assign Address Mux 


assign WE 
assign CS 


_ Mux 
Мих 


= (init == 1'01) ? AddressTB 
(init == 1'61) ? WE ТВ WE; 
(init == 1'b1) ? CS TB CS 


always @(posedge V, posedge RST VCNT) 


begin 


if (RST VCNT == 1'b1) 


begin 
VCNT 
end 


Tb; 


else if (V == 1'b1) 


begin 
VCNT 
end 
end 


always 
begin 


RST <= 1'b1; 
@ (posedge CLK); 


// Initialize the instructions from the test bench 


init <= 1'bl; 


УСМТ + 1'b1; 


CS TB <= 1'bl; WE ТВ <= 1'bl; 


for (i = 1; i <= 


М; 


i=i+1) 
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Бедіп 
8 (posedge СІК); 
AddressTB <= і - 1; 
Mem Bus <= Instr List[i-1]; 
end 
8 (posedge CLK); 
Mem Bus <= 32'bZZZ2Z222Z2Z2Z2Z2ZZ242424242424242422422422222227; 
CS TB <= 1'50; 
WE ТВ <- 1'b0; 
init <= 1-50; 
8 (posedge СІК); 
RST <= 1-50; 


for (i21; i <= N; i= i + 1) 
begin 
8 (posedge WE); // When a store word is executed 
if(!(VCNT == exp V[i-1])) 
begin 
$display ("Overflow mismatch"); 
end 
RST_VCNT <= 1'bl; 
8 (педейде CIK); 


if (!(Меп Bus wire == exp output[i-1])) 
begin 
$display("Output mismatch:"); 

end 
RST VCNT <- 1'b0; 

end 

Sdisplay("Testing Finished"); 

$stop; 

end 
endmodule 


9.19 (a) The affected instructions are add, addi, and sub. Modify the condition check for assigning v in 
the updated Figure 9-8 of Solution 9.18(a) as follows: 
if (‘opcode == addi || (`орсоде == 0 && (^f code == 32 || ^f code == 
34))) 
V <= alu calc[32] ^ aiu са1с[31]; 


(b) Modify the bitvector of expected V outputs in the test bench of Solution 9.18 (b) as follows: 
wire [N-1:0] exp V = 12'b110111100000; 


9.20 (a) Make the following changes to the updated Figure 9-8 of Solution 9.18(a) as follows: 
1. Inthe list of internal signals, add the signal: 
reg Savepc; 
2. Inthe list of non-special instructions, add the constant: 
parameter jal = 6'b000011; 
3. Replace the logic for the DR mux with: 
assign dr - (savepc -- 1)? 5'b11111 
((format == В)? instr[15:11] : instr[20:16]); //Destination 
Register MUX (MUX1) 
4. Replace the logic for the register input data mux with: 
assign reg in = 
(savepc == 1)? pc : ((alu or mem save)? Mem Bus 
alu result save); //Data MUX 
5. Replace the logic for the format field with: 


assign format - 


(^opcode == 6'40)? В : ((`орсойе == 6'а2 || ‘opcode == 6'd3)? J 
т); 
6. Add the following assignment inside the initial block: 
savepc = 0; 
7. Instate one (1:), modify the contents ofthe if (format == J) conditional as follows: 
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if (format == J) begin //jump, and finish 
if (‘opcode == j) begin 
npc = (6'5000000, instr[25:0]); nstate = 3'd0; 
end 
else begin //jal 
nstate - 3'd4; 


end 
end 
8. Adda conditional statement at the in state 4 (4:), after the if conditional 
else if('opcode == jal) begin 
regw = 1; savepc = 1; 
npc = {6'0000000, instr[25:0]}; 
end 


(b) Make the following changes to the updated Figure 9-10 of Solution 9.18(a) as follows: 

1. Change the values of the constants N and И: 
parameter N = 2; 
parameter W = 6; 

2. Inthe initial block, change the initialization of the the /nstr. List array to the following: 
Instr List[0] 32'h30000000; // 0. andi $0, $0, O ;50-0 
Instr List[1] 32'h30210000; // 1. andi $1, $1, 0 ;$1 = 0 
Instr List[2] 32'h0C000004; // 2. jal 4 
Instr List[3] 


Skipped 
Instr List[4] - 32'hAC010040; // 4. sw 51, 64($0) ; Mem(64) 
$1 
Instr List[5] = 32'hAC1FO041; // 5. sw $31, 65($0) ; Mem(65) 
$31 
3. In the initial block, change the initialization of the exp. output array to the following: 
exp output[0] - 32'n00000000; 
exp output[1] = 32'h00000003; 
4. Inthe main always block, remove theif (!(VCNT == exp V[i-1])) conditional. 


9.21 (a) This solution uses R-format encoding for the instruction, with an ^f code of 63. Any R-format 
encoding not already used in the MIPS subset of Figure 9-8 is acceptable. 


Make the following changes to the updated Figure 9-8 of Solution 9.18(a) as follows:: 
]. Inthe list of special instructions, add the constant: 
parameter mult = 6'b111111; 
2. Add an additional opsave check after the first if conditional in state two: 
else if (opsave == mult) alu calc = alu in A[15:0] * 
alu in B[15:0]; 


(b) Make the following changes to the updated Figure 9-10 of Solution 9.18(a) as follows: 


1. Change the values of the constants N and W: 
parameter N - 4; 
parameter W - 18; 


2. Inthe initial block, change the initialization of the the Instr. List array to the following: 


Instr List[0] - 32'h30000000; // andi $0, $0, 0 

Instr List[1] - 32'h20010000; // addi $1, $0, 0 

Instr List[2] - 32'h20020000; // addi $2, $0, 0 

Instr List[3] = 32'h0022183F; // mul $3, $1, $2 ;$3 = 0 * 0 = 0 
Instr List[4] = 32'h20210001; // addi $1, $1, 1 

Instr List[5] = 32'h20420001; // addi $2, $2, 1 

Instr List[6] = 32'h0022203F; // mul $4, $1, $2 ;54 =1*1=1 
Instr List[7] = 32'h20217FFF; // addi $1, $1, x7FFF 

Instr List[8] = 32'h20217FFF; // addi $1, $1, x7FFF 

Instr List[9] = 32'h20427FFF; // addi $2, $2, x7FFF 

Instr List[10] = 32'h20427FFF; // addi $2, $2, x7FFF 
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32'h20010006; // 3. addi $1, $0, 1 ; should be 


Instr List[11] 
xFFFF = xFFFEOOOL 
Instr List[12] 
Instr List[13] 


32'h0022283F; // mul $5, $1, $2 ;$5 = xFFFF * 


32'h20210001; // addi $1, $1, 1 
32'h0022303F; // mul $6, $1, $2 ;$6 = x10000 * 


xFFFF - 0 
Instr List[14] = 32"ҺАС030040; // sw 53, 64(50) ;Mem(64) 53 
Instr List[15] = 32"ҺАС040041; // sw 54, 65(50) ;Mem(65) = 54 
Instr List[16] = 32'hAC050042; // sw 55, 66(50) ;Mem(66) = 55 


Instr List[17] 32'hAC060043; // sw $6, 67(50) ;Mem(67) - 56 
3. In the initial block, change the initialization of the exp. output array to the following: 
exp output[0] 32'h00000000; 
exp output[1] 32'h00000001; 
exp output[2] 32'hFFFE0001; 
exp output[3] 32'h00000000; 
4. Inthe main always block, remove the if (!(VCNT == exp V[i-1])) conditional. 


9.22 (a) This solution uses R-format encoding for the instruction, with an ^f. code of 33. Any R-format 
encoding not 
already used in the MIPS subset of Figure 9-8 is acceptable. 


Make the following changes to the updated Figure 9-8 of Solution 9.18(a) as follows:: 


1. Inthe list of special instructions, add the constant: 
parameter addb = 6'b100001; 


2. Add an additional opsave check after the if (opsave == add) conditional in state 
two: 
else if (opsave == адар) alu calc = { 


alu in A[31:24] * alu in B[31:24], 
alu in A[23:16] * alu in B[23:16], 
alu in A[15:8] * alu in B[15:8], 
alu in A[7:0] + alu in B[7:0]}; 


(b) Make the following changes to the updated Figure 9-10 of Solution 9.18(a) as follows: 
1. Change the values of the constants N and W: 
parameter N - 2; 
parameter W = 11; 
2. Inthe initial block, change the initialization of the the Instr. List array to the following: 
Instr List[0] = 32'n30000000; // 0. andi $0, $0, 0 ;$0 = 0 


Instr List[1] = 32'h8C010008; // 1. lw $1, 8($0) 

Instr List[2] = 32'n8C020009; // 2. lw $2, 9(50) 

Instr List[3] - 32'h8C03000A; // 3. lw $3, 10($0) 

Instr List[4] = 32'h00220821; // 4. addb $1, $1, 52 

Instr List[5] = 32'h00431021; // 5. addb $2, 52, $3 

Instr List[6] = 32'hAC010040; // 6. sw $1, 64($0) ; Mem(64) = 
$1 

Instr List[7] = 32'hAC020041; // 7. sw $2, 65($0) ; Mem(65) = 
$2 

Instr List[8] - 32'h01244567; // 8. Data memory 8 


Instr List[9] 32'hFEDCBA99; // 9. Data memory 9 
Instr List[10] 32'hFFFFFFFE; // 10. Data memory A 


3. In the initial block, change the initialization of the exp. output array to the following: 


exp output[0] = 32'hFF00FF00; 
exp output[1] = 32'hFDDBB997; 
4. Inthe main always block, remove the if (!(VCNT == exp V[i-1])) conditional. 


9.23 (a) This solution uses R-format encoding for the instruction, with an ^f code of 39. Any R-format 
encoding not 
already used in the MIPS subset of Figure 9-8 is acceptable. 
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Make the following changes to the updated Figure 9-8 of Solution 9.18(a) as follows: 


1. Inthe list of special instructions, add the constant: 
parameter rbit = 6'b100111; 


In the list of internal signals, add the new signal: 
wire [4:0] srcl; 


2. Add the following assignment: 


assign srcl = (format == В && ^f code == rbit)? dr “srl; //SR1 
MUX 
3. Inthe register instantiation, replace ^ sr1 with srcl: 
REG Register(CLK, regw, dr, srcl, '/sr2, reg in, readregl, 
readreg2); 
4. Right before the initial block, add: 
integer i; 
5. Add an additional opsave check after the if (opsave == sub) conditional in state 
two: 
else if (орзауе == rbit) begin 
for (і = 0; i < 32; 1 = i + 1) begin 
alu calc[i] = alu in A[31-i]; 
end 
end 


(b) Make the following changes to the updated Figure 9-10 of Solution 9.18(a) as follows: 


1. Change the values of the constants N and W: 
parameter N - 3; 
parameter W = 13; 


2. Inthe initial block, change the initialization of the the Instr. List array to the following: 


$1 


$2 


$3 


Instr List[0] = 32"Һ30000000; // 0. andi $0, $0, O ;$0 = 0 
Instr List[1] = 32'h8C01000A; // 1. 1м $1, 10($0) 
Instr List[2] - 32'h8C02000B; // 2. lw 52, 11($0) 
Instr List[3] - 32'h8C03000C; // 3. 1ч $3, 12($0) 
Instr List[4] - 32'h00000827; // 4. rbit $1 
Instr List[5] = 32'h00001027; // 5. rbit $2 
Instr List[6] = 32'n00001827; // 6. rbit $3 
Instr List[7] = 32'hAC010040; // 7. sw $1, 64($0) ; Mem(64) = 
Instr List[8] = 32'ҺАС020041; // 8. sw $2, 65($0) ; Mem(65) = 
Instr List[9] - 32'hAC030042; // 9. sw $3, 66($0) ; Mem(66) - 
Instr List[10] = 32'h1E6A2C48; // 10. Data memory А 
Instr List[11] - 32'hA5A5A5A5; // 11. Data memory B 
Instr List[12] - 32'hDEADBEEF; // 12. Data memory С 

3. In the initial block, change the initialization of the exp. output array to the following: 
exp output[0] = 32'h12345678; 
exp output[1] = 32'hA5A5A5A5; 
exp output[2] = 32'hF77DB57B; 


4. Inthe main always block, remove the if (!(VCNT == exp V[i-1])) conditional. 
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ADDR WE 


IMEM 
BUS 


^define 
^define 
^define 
^define 
“define 
“define 
“define 


NextPC 


Decode Execute Memory Write-Back 
Stage Stage Stage Stage 


Regin 


RegW DR Regin 


MEM Out 


ADDR WE CS 


DMEM 
BUS 


DR 


ѕәцодеј abers за 
59423е1 әбе)5 x3 
$9423е1 әбес ам 


RegW 


sau»e] әбес WIW 


DE Opcode DE IR[31:26] 
DE Fcode DE IR[5:0] 

EX Opcode EX IR[31:26] 
EX Fcode EX IR[5:0] 

MEM Opcode MEM IR[31:26] 
SR1 DE IR[25:21] 
SR2 DE IR[20:16] 


module Pipelined MIPS (CLK, RST, DMem CS, DMem WE, DMem ADDR, IMEM ADDR, 


DMEM Bus, I MEM Out) ; 
input СІК; 
input RST; 


output DMem CS; 
inout DMem WE; 
output [31:0] DMem ADDR, IMEM ADDR; 


inout 
input 


[31:0] DMEM Bus; 
[31:0] IMEM Out; 


//non-special instructions, values of opcodes: 
parameter addi - 6'5001000; 

parameter andi = 6'5001100; 

parameter ori = 6'b001101; 

parameter lw = 6'b100011; 

parameter sw - 6'b101011; 

parameter реа = 6'b000100; 

parameter bne = 6'b000101; 

parameter 1 - 6'5000010; 


//instruction format 
parameter R - 2'd0; 
parameter = 2'd1; 
parameter J = 2'd2; 


// Combinational Logic 

wire unresolved branch, DE isBranch, DE modsDR, DE_needsSR1, 
DE needsSR2, dep stall, EX Imm, RegW, EX modsSR1, EX modsSR2, 
MEM modsSR1, MEM modsSR2; 

wire [31:0] PC Mux, Jump PC, Imm Ext, ALU Out, A, B, 


wire [4 
wire [1 
wire [2 


RegIn, ReadRegl, ReadReg2; 


:0] DE DR; 
:0] DE Format; 
:0] Op; 


// LATCHES 


reg [31 


:0] PC, DE nPC, EX nPC, DE IR, EX IR, MEM IR, 


EX SR1, EX SR2, MEM SR2, MEM ALU Result, 
WB ALU Result, WB MEM Output; 


reg [4:0] EX DR, MEM DR, WB DR; 
reg [1:0] EX Format; 
reg DE V, EX V, MEM V, WB V, EX isBranch, EX modsDR, 


MEM modsDR, WB modsDR, WB Store Sel; 
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initial begin 
РС <= 32'h0000000 


0; 


DE V <= 1'b0; EX V <= 1'b0; MEM V <= 1'b0; WB V <= 1750; 


end 
//ғ--------------// 
// Fetch Stage // 
//---------------// 
assign IMEM ADDR = PC; 
assign unresolved branch - (DE isBranch && DE V) || (EX isBranch && EX V); 
assign РС Mux = (EX isBranch == 1'bl && EX V == 1'b1)? Jump PC PC + 1; 
//ғ---------------// 
// Decode Stage // 
//ғ---------------// 
REG Register(CLK, RegW, WB DR, ^SR1, `5В2, RegIn, ReadRegl, ReadReg2); 
assign DE Format = (“ГЕ Opcode == 6'd0)? К (C DE Opcode == 6'd2)? J Туз 
assign DE DR = (DE Format == В)? DE IR[15:11] DE IR[20:16]; 
assign DE isBranch = ((DE Format == J) || (^DE Opcode == bne) || (^DE Opcode 
== beq) || 
(С-ГЕ Opcode == 6'd0 && “ПЕ Fcode == 6'd8))? 1'bl 1'b0; 
assign DE modsDR = ((DE Format != J) && 
(! C DE Opcode == 6'd0 && `DE Fcode == 6'd8)) && 
(DE Opcode != sw) && 
(DE Opcode != ред) && (`DE Opcode != bne))? 1'bl 150% 
assign DE needsSR1 = ((DE V == 1'bl) && (DE Format != J) && 
! (DE Opcode == 6'd0 && ("DE Fcode == 6'd2 || `DE Fcode 
== 6'd0)))? 
1'01 
1'b0; 
assign DE needsSR2 = ((DE V == 1'bl) && (DE Format != J) && 
!(^DE Opcode == 6'd0 && `DE Fcode == 6'd8) && 
(DE Opcode != lw) && (`DE Opcode != ori) && 
(DE Opcode != andi) && (`DE Opcode != addi))? 1-51 
'p0; 
assign EX modsSR1 = ((EX V == 1'bl) && (EX DR == `581) && (EX modsDR == 
'р1))? 1'b1 1'b0; 
assign EX modsSR2 = ((EX V == 1'bl) && (EX DR == `582) && (EX modsDR == 
'р1))? 1'b1 1'b0; 
assign MEM modsSR1 = ((MEM V == 1'61) && (MEM DR == ^SR1) && (MEM modsDR == 
'р1))? 1'b1 1'b0; 
assign MEM modsSR2 = ((MEM V == 1'b1) && (МЕМ DR == ^SR2) && (MEM modsDR == 
'р1))? 1'b1 1'b0; 
assign dep stall = (DE needsSR1 && (EX modsSRl1 || МЕМ modsSR1)) || 
(DE needsSR2 && (EX modsSR2 || MEM modsSR2)); 
//ғ----------------// 
// Execute Stage // 
//ғ----------------// 
ALU Alul(A, В, Ор, ALU Out); 
assign Imm Ext = (EX IR[15] == 1'b1)? (16'hFFFF, EX_IR[15:0]} (16'h0000, 
EX IR[15:0]]); 
assign EX Imm = ((`ЕХ Opcode == addi) || (^EX Opcode == lw) || (^EX Opcode == 
sw) |I 
(ЕХ Opcode == andi) || (^EX Opcode == ori))? 1'bl 1:950: 
assign А = ((`ЕХ Opcode == 6'd0) && (EX Fcode == 6'd2 || `ЕХ Fcode == 6'd0))? 
(24'h000000, 3'5000, EX ІК[10:6]} ЕХ 581; 
assign В = (EX Imm == 1'b1)? Imm Ext EX SR2; 
assign Ор = ((`ЕХ Opcode == 6'd0 && (“ЕХ Fcode == 6'd32)) || 
(ЕХ Opcode == addi) || (^EX Fcode == lw) || (^EX Opcode == sw))? 
3'5000 
( (( ЕХ Орсоде == 6'd0 && “EX Fcode == 6'd34) || 
(ЕХ Opcode == ред) || (`ЕХ Opcode == bne))? 3'b001 
( (( ЕХ Орсоде == 6'd0 && `ЕХ Есоде == 6'd36) || (^EX Орсоде == 
andi))? 3'b010 : 
( (C EX Орсоде == 6'd0 && "ЕХ Fcode == 6'd37) || (`ЕХ Орсоде == 
ori))? 3'b011 
( (C ЕХ Opcode == 6'd0 && “EX Fcode == 6'd42))? 3'b100 //slt 
( (C ЕХ Opcode == 6'd0 && ^EX Fcode == 6'd2))? 3'b101 //shr 
( (C ЕХ Opcode == 6'd0 && ^EX Fcode == 6'd0))? 3'b110 //shl 
3'b000 )))))); 
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assign Jump РС (EX Format == J)? {6'b000000, EX IR[25:0]) 


( ((ALU Out == 32'h00000000 && “ЕХ Opcode == реа) || 


(ALU Out != 32'h00000000 && “EX Opcode == bne))? EX nPC + 
Imm Ext 
( C EX Opcode == 6'd0 && `ЕХ Fcode == 6'd8)? EX SRI : EX nPC 
)); 
//ғ---------------// 
// Memory Stage // 
//ғ---------------// 
assign DMem ADDR = МЕМ ALU Result; 
assign DMem Bus = (DMem WE == 1160)? 32!577777777777777777777777777777777 
МЕМ $82; 
assign DMem WE = ((MEM У == 1'bl) 868 ("MEM Opcode == sw))? 1'bl : 1'00; 
assign DMem CS = ((MEM V == 1'bl) && ((`МЕМ Opcode == sw) || (^MEM Opcode == 


1w)))? 1'01: 1'bO; 


assign RegIn = (WB Store Sel == 1'b0)? WB ALU Result : WB MEM Output; 
assign RegW = WB modsDR && WB V; 


И/Е=ЕЕЕЕЕЕЕЕЕЕЕЕЕЕЕЕЕЕЕ/ / 

// Pipeline Latches // 

Йй ннен ншнен ыраас // 

always @(posedge CLK, posedge RST) begin 
if(RST == 1'bl) begin 


PC <- 32'h00000000; 
DE V <= 1'b0; EX V <= 1'b0; MEM V <= 1'b0; WB V <= 1'b0; 


end 

else begin 
//===============// 
// Fetch Stage // 
//===============// 


//do not overwrite DE's latches if stalled оп a dependency. 
if (dep stall == 1'b0) begin 
DE nPC <= PC Мих; 
DE IR <- IMEM Out; 
РС <= PC Мих; 
//insert а bubble into the pipeline if there is an unresolved branch. 


if (unresolved branch == 1'b1) DE V <= 1'00; 
else DE V <= 1'01; 
end 


else begin 
DE nPC <- DE nPC; 
DE IR <- DE IR; 


PC <- PC; 

DE V <= DE V; 
end 
//ғ---------------// 
// Decode Stage // 
//ғ---------------// 
ЕХ nPC <= DE nPC; 
EX I 


; 
EX Format <- DE Format; 

EX isBranch «- DE isBranch; 
EX modsDR <- DE modsDR; 

EX SR1 <= ReadRegl; 

EX SR2 <- ReadReg2; 

EX V <= DE V && '(dep stall); 


EX IR; 
MEM DR <- EX DR; 
MEM modsDR <- EX modsDR; 
МЕМ SR2 <= ЕХ SR2; 
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МЕМ АШ) Result <= АЦ) Out; 
MEM V <= EX V; 


/ [222222222222 i] 
// Memory Stage // 
/ /================ / / 


WB DR <= MEM DR; 
WB modsDR <- MEM modsDR; 
WB ALU Result <- MEM АЦ) Result; 
WB MEM Output <- DMEM Bus; 
if (“МЕМ Opcode == lw) WB Store Sel <= 1'bl; 
else WB Store Sel <= 1'b0; 
WB V <= MEM V; 
end 


end 
endmodule 


(b) 4-п 


(c) 11 cycles 


9.25 (a) 


module Pipel 
DMEM Bus, IMEM Out) М 
input СІК; 
input RST; 
output DMem С5; 
inout DMem WE; 
output [31:0] DMem ADDR, IMEM ADDR; 
inout [31:0] DMEM Bus; 
input [31:0] IMEM Out; 


ADDR WE 


IMEM 
BUS 


$9423е1 әбес за 
soupe] әбес x3 


"define DE Opcode DE IR[31:26] 
"define DE Fcode DE IR[5:0] 
"define EX Opcode EX IR[31:26] 
“define EX Fcode EX ІК[5:0] 
"define MEM Opcode MEM IR[31:26] 
"define 581 DE IR[25:21] 

"define SR2 DE IR[20:16] 


//non-special instructions, values of opcodes: 
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JumpPC 


59421е1 э6е15 WIW 


ADDR WE CS 


DMEM 
BUS 


59423е1 ebe1s JM 


lined MIPS (CLK, RST, DMem CS, DMem WE, DMem ADDR, IMEM ADDR, 


Cycle 1 2 3 4 5 6 7 9 10 и 

add $5, $4, $3 |F D Ex M Wb 

add $6, $5, $4 F D D Ex M Wb 

add $7, $6, $5 F F D D Ex Wb 

add 58,57,56 F F D Ex M Wb 
Fetch Decode Execute Memory Write-Back 
Stage Stage Stage Stage Stage 

JumpPC 


Regin 


DR 


RegW 
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parameter addi 6'5001000; 
parameter andi 6'5001100; 
parameter ori = 6'b001101; 
parameter lw = 6'b100011; 
parameter sw - 6'b101011; 
parameter реа = 6'b000100; 
parameter bne = 6'b000101; 
parameter j = 6'b000010; 


//instruction format 
parameter R - 2'd0; 
parameter 2 dl 
parameter J = 2'd2; 


// Combinational Logic 

wire unresolved branch, DE isBranch, DE modsDR, DE needsSR1, 
DE needsSR2, dep stall, EX Imm, RegW, EX modsSR1, EX modsSR2, 
MEM modsSR1, MEM modsSR2, fwd MEM Out to SR1, fwd ALU Out to SRI, 
fwd MEM ALU to SR1, fwd MEM Out to SR2, fwd ALU Out to SR2, 
fwd MEM ALU to SR2; 

wire [31:0] PC Mux, Jump PC, Imm Ext, ALU Out, A, B, 

RegIn, ReadRegl, ReadReg2, SRI Mux, SR2 Mux; 

wire [4:0] DE DR; 

wire [1:0] DE Format; 

wire [2:0] Op; 


// LATCHES 

reg [31:0] PC, DE nPC, EX nPC, DE IR, EX IR, MEM IR, 
EX SR1, EX SR2, MEM SR2, MEM ALU Result, 

WB ALU Result, WB MEM Output; 

reg [4:0] EX DR, MEM DR, WB DR; 

reg [1:0] EX Format; 

reg DE V, EX V, MEM V, WB V, EX isBranch, EX modsDR, 

MEM modsDR, WB modsDR, WB Store Sel; 


initial begin 
PC <- 32'h00000000; 


DE V <= 1'b0; EX V <= 1'b0; MEM V <= 1'b0; WB V <= 1'b0; 
end 
//---------------// 
// Fetch Stage // 
//---------------// 
assign IMEM ADDR = PC; 
assign unresolved branch - (DE isBranch && DE V) || (EX isBranch && EX V); 
assign РС Мих = (EX isBranch == 1'bl && EX V == 1'b1)? Jump PC : PC + 1; 
//ғ---------------// 
// Decode Stage // 
//ғ---------------// 
ВЕС Register(CLK, RegW, WB DR, ^SR1, ~SR2, RegIn, ReadRegl, ReadReg2); 
assign DE Format = ("DE Opcode == 6'd0)? К : ((^DE Opcode == 6'd2)? J : I); 
assign DE DR = (DE Format == В)? DE IR[15:11] : DE IR[20:16]; 
assign DE isBranch = ((DE Format == J) || (^DE Opcode == bne) || (^DE Opcode 
== реа) || 
(DE Opcode == 6'd0 && “ПЕ Есоде == 6'd8))? 1'bl : 1'00; 
assign DE modsDR = ((DE Format != J) && 
(! C DE Opcode == 6'd0 && `DE Fcode == 6'd8)) && 
(DE Орсоде != sw) && 
(БЕ Орсоде != ред) && (`DE Opcode != bne))? 1'bl : 1'b0; 
assign DE needsSR1 = ((DE V == 1'bl) && (DE Format != J) && 
І(СПЕ Opcode == 6'd0 && (`DE Fcode == 6'd2 || `DE Fcode 
ш- 6'd0)))? 
1'bl 
1'b0; 
assign DE needsSR2 = ((DE V == 1'bl) && (DE Format != J) && 
!(^DE Opcode == 6'd0 && `DE Fcode == 6'd8) && 
(DE Opcode != lw) && (`DE Opcode != ori) && 
(DE Opcode != andi) && (`DE Opcode != addi))? 1'bl 
1'b0; 
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assign ЕХ modsSR1 = ((EX V == 1'bl) && (EX DR == `581) && (EX modsDR == 
1'b1))? 1'b1l : 1550; 
assign EX modsSR2 = ((EX V == 1'bl) && (EX DR == `582) && (EX modsDR == 
1'b1))? 1'b1l : 1550; 
assign MEM modsSR1 = ((MEM V == 1'61) && (MEM DR == `SR1) && (MEM modsDR == 
1'b1))? 1'b1l : 1-50; 
assign MEM modsSR2 = ((MEM V == 1'61) && (MEM DR == 7582) && (MEM modsDR == 
1'b1))? 1'b1l : 1-50; 
assign dep stall = (((DE needsSRl1 == 1'bl) && (EX modsSR1 == 1'bl) && 
(EX Opcode == 1м)) || 
( (РЕ needsSR2 == 1'р1) && (ЕХ modsSR2 == 1'bl) && 
(EX Орсоае == 1w)))? 1'61 : 1'5b0; 
assign Ема ALU Out to $581 = ((DE needsSR1 == 1'61) && (EX modsSRl1 == 1'bl) && 
(EX Opcode != 1м))? 1'61 : 1'5b0; 
assign fwd MEM Out to SR1 = ((DE needsSR1 == 1'61) && (EX modsSRl1 == 1'b0) && 
(MEM modsSR1 == 1'р1) && (“МЕМ Opcode == 1ч))? 
1151 2: 1250; 
assign Ема МЕМ ALU to $81 = ((DE_needsSR1 == 1'b1) && (EX modsSRl1 == 1'b0) && 
(MEM modsSR1 == 1'61) && (“МЕМ Opcode != 1ч))? 
1561. 22 ТБО 
assign Ема ALU Out to 582 = ((DE needsSR2 == 1!01) && (EX modsSR2 == 1'bl) && 
(EX Opcode != 1м))? 1'61 : 1700; 
assign fwd MEM Out to SR2 = ((DE needsSR2 == 1'bl) && (EX modsSR2 == 1'b0) && 
(МЕМ modsSR2 == 1'р1) && (“МЕМ Opcode == 1ч))? 
l'EL IpO; 
assign Ема МЕМ ALU to SR2 = ((DE needsSR2 == 1'р1) && (ЕХ modsSR2 == 1'b0) && 
(MEM modsSR2 == 1'р1) && (“МЕМ Opcode != 1ч))? 
1151 2: 1250; 
assign 5К1 Mux = (fwd ALU Out to 581 == 1'b1)? ALU Out 
( (fwd MEM Out to SR1 == 1'b1)? DMEM Bus 
( (fwd МЕМ ALU to ЅК1 == 1'b1)? МЕМ АЦ) Result : ReadRegl )); 
assign SR2 Mux = (fwd ALU Out to SR2 == 1'b1)? ALU Out 
( (fwd MEM Out to SR2 == 1'b1)? DMEM Bus 
( (fwd МЕМ ALU to SR2 == 1'b1)? МЕМ АЦ) Result : ReadReg2 )); 
//-----------------// 
// Execute Stage // 
//ғ----------------// 
ALU Alul(A, В, Op, ALU Out); 
assign Imm Ext = (EX IR[15] == 1'b1)? (16'hFFFF, EX IR[15:0]) : {16'h0000, 
EX IR[15:0]); 
assign EX Imm = ((`ЕХ Opcode == addi) || (^EX Opcode == lw) || (^EX Opcode == 
sw) || 
(EX Opcode == andi) || (^EX Opcode == ori))? 1'bl : 1'b0; 
assign А = ((`ЕХ Opcode == 6'd0) && (EX Fcode == 6'd2 || `ЕХ Fcode == 6'd0))? 
(24'h000000, 3'5000, EX IR[10:6]) : EX SRI; 
assign В = (EX Imm == 1'b1)? Imm Ext : ЕХ SR2; 
assign Ор = ((`ЕХ Opcode == 6'd0 && (“ЕХ Fcode == 6'd32)) || 
(EX Opcode == addi) || (^EX Fcode == lw) || (^EX Opcode == sw))? 
3'5000 
( (( ЕХ Орсоде == 6'd0 && `ЕХ Fcode == 6'd34) || 
(ЕХ Орсойе == ред) || (`ЕХ Opcode == bne))? 3'b001 
( (( ЕХ Орсоде == 6'd0 && `ЕХ Fcode == 6'd36) || (^EX Орсоде == 
andi))? 3'b010 
( (C EX Орсоде == 6'd0 && `ЕХ Fcode == 6'd37) || (^EX Opcode == 
ori))? 3'b011 
( (C EX Opcode == 6'd0 && “EX Fcode == 6'd42))? 3'b100 : //slt 
( (( EX Opcode == 6'd0 && “ЕХ Fcode == 6'd2))? 3'b101 : //shr 
( (C EX Opcode == 6'd0 && “ЕХ Fcode == 6'd0))? 3'b110 : //shl 


3'b000 )))))); 


assign Jump PC = (EX Format == J)? {6'b000000, EX IR[25:0]) 
( ((ALU Out == 32'h00000000 && “ЕХ Opcode == ред) || 
(ALU Out != 32'h00000000 && “ЕХ Opcode == bne))? EX nPC + 
Imm Ext 
( C EX Opcode == 6'd0 && `ЕХ Fcode == 6'd8)? EX SRI : EX nPC 
)); 
//ғ---------------// 
// Memory Stage // 
//ғ---------------// 


assign DMem ADDR = МЕМ ALU Result; 
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assign DMem Виз = (DMem WE == 1'b0)? 32"522222222222222272222277222227222. 


МЕМ 552; 
assign DMem WE = ((MEM У == 1'bl) 868 (“МЕМ Opcode == sw))? 1-51 : 1'00; 
assign DMem CS = ((MEM У == 1'bl) && ((`МЕМ Opcode == sw) || (`МЕМ Opcode == 


1w)))? 1'b1: 1'5b0; 


assign RegIn = (WB Store Sel == 1'b0)? WB ALU Result : WB MEM Output; 
assign RegW = WB modsDR && WB V; 


//====================// 

// Pipeline Latches // 

AA a // 

always @(posedge CLK, posedge RST) begin 
if(RST == 1'bl) begin 


PC <- 32'h00000000; 
DE V <= 1'b0; EX V <= 1'b0; MEM V <= 1'b0; WB V <= 1'b0; 


end 

else begin 
//===============// 
// Fetch Stage // 
//===============// 


//do not overwrite DE's latches if stalled оп a dependency. 
if (dep stall == 1'b0) begin 
DE nPC <- РС Мах; 
DE IR <= ІМЕМ Out; 
РС <= РС Мих; 
//insert а bubble into the pipeline if there is an unresolved branch. 


if (unresolved branch == 1'р1) DE V <= 1'00; 
else DE V <= 1'01; 
end 


else begin 
DE nPC <- DE nPC; 
DE IR <- DE IR; 


PC <- PC; 

DE V <= DE V; 
end 
//ғ---------------// 
// Decode Stage // 
//----------------// 


EX nPC < 
EX IR <- DE IR; 

EX DR <- DE DR; 

EX Format <- DE Format; 

EX isBranch «- DE isBranch; 
ЕХ modsDR <- DE modsDR; 

EX SR1 <= 581 Мих; 

ЕХ SR2 <= SR2 Мах; 


EX V <= DE V && !(dep stall); 
//=================// 
// Execute Stage // 
И/==ЕЕЕЕЕЕЕЕЕЕЕЕЕ=Е/ / 


MEM DR <= ЕХ DR; 

MEM modsDR <- EX modsDR; 
МЕМ SR2 <- ЕХ SR2; 

МЕМ АШ) Result <= АЦ) Out; 
MEM V <= EX V; 


//================)] 
// Memory Stage // 
eee ee, 


WB DR <= MEM DR; 

WB modsDR <- MEM modsDR; 

WB ALU Result <- MEM АЦ) Result; 

WB MEM Output <- DMEM Bus; 

if (“МЕМ Opcode == lw) WB Store Sel <= 1'bl; 


221 


© 2016 Cengage Learning. АП Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


else WB Store Sel <= 1'b0; 
WB V <- MEM V; 
end 
end 
endmodule 


(b) Assuming solution 9.10 is used as a test program: 
Figure 9-8 (non-pipelined) — 2302 cycles 
Solution 9.24 (pipelined) — 1395 cycles 
Solution 9.25 (pipelined with data forwarding) — 896 cycles 
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Chapter 10: Hardware Testing and Design for Testability 


10.1 (a) & (b) 


А В С D| Faults Tested 
X 1 0 100, bO, dO, ч0 
X 1 000, bO, cO, wO 
(c) 
A B C D|Faults Tested 
0. V. Q Ql, осы А gl; El, ul, :vly wl; “po 
10.2 (a) 
A B C D | Faults Tested 
0 0 1 ха, bl, el, gl, hl, il, jl 
OR 
A B C D|Faults Tested 
0; 0 1 1l | а, ‘bl, el, gil, hl, il; 41). ‘£0 
(b) 
A B C D|Faults Tested 
X х 0 11940, 440; x0, 7570; ЁТ 
10.3 
a b c d е Е і | Faults Tested 
1 0 0 1 00 1|а0, 90, gO, hO, 10, 70 
0 1 0 0 1 0 1|00, eO, gO, 10, iO, 20 
000022. 00:00 XE. E eOr ҒО; gU; :h0, 240; «Z0 
02207 "QV X. XX CK ae aly Бар» Со -Gija 222 
1 X X 0 0 0 па, el, fi, hl, 71 
15% X dX X eX 0 dt, 71 
10.4 
A B C D | Faults Tested 
1 1 0 0 A0, BO, PO, EO 
0 X 1 0 | Со, 00, EO 
о X 0 100, 00, EO 
0 1 0 O0 A1, СІ, D1, Pl, 01, El 
10 O 0 B1, СІ, D1, Pl, 01, El 
10.5 
a b с а е | Faults Tested 
17001706 0 |:a05 60, £0, 480; 505-051 
052.11.502 dO; HO 
0 X X о тео, 10 
0 0 1 0 оба, dl, el, gl, hl 
Lol 1.0000 dl. cl, -fl,. а, hl, 20 
1 00.40. Qe ©.) сі; саг, “ез; gl, hi 
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10.6 

Faults Tested 

КО, 10, м0, r0, 20 

е0, £0, 40, pO, 20 

ho, 10, 10, (40, 20 

h1, IT. pl 41, Gly 21 

el, ml, рі, ql, rl, zl 

fl;- “115- әрі 741) Е, 21 

ал, Ll, КІ, ply «ly СЕТ, 21 


вооон в оф 
воноонн Шш 
нооннох о 
b ^ »onbpsrvxxnmÀmuo 


10.7 Test sequence: 1', '1', '-'. 


time | state input 
{0 00 1 
tl 10 1 
t2 01 - 


t3 11 (correct state), 10 (incorrect state) 


10.8 
State | Distinguishing Sequence | Output 
S1 11 01 
52 11 10 
53 11 00 
Testing State | Input Sequence | Correct Output | Correct State 
51 R011 000 S3 
S1 R111 010 S2 
S3 R0011 0101 S1 
S3 R0111 0000 S3 
S2 R1011 0101 S1 
S2 R1111 0100 53 


10.9 Input:0,0,0, 1, L, 1, I Correct Output: 1, 1, 1,0,0,0,1 
Incorrect Output: 1, 1, 1, 0, 0, 0, 0 


10.10 Some major advantages of scan-path testing over applying input sequences and observing output 
sequences are that you save time and save effort. Instead of applying an input sequence to get to the 
state that needs to be tested, with scan-path testing, just serially shift in the state. After testing the 
state, there is no need to use a distinguishing sequence and interpret the output to determine the state 
of the machine. Scan-path testing allows the flip-flop values to be serially shifted out and easily read. 
This method reduces testing sequential circuits to testing combinational circuits. 
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10.11 


SCK | | [1.3 | | MEE um V DONE. 
а о a к= = 
х2 — л л о 1 3 ОШ 1 232 2 0 1 1 _ 
SDI отт xi 0! DIT] x o IT 3 x - | 
SDO at шке Se ни ВОВ БЕ 
yo с ү Пп Тегі | 
72 | р 0! | р ГО 1i] І 1 | А 
| к Жора ааа ау! 


10.12 (а) 


SDI 


SCK 
TCK 
(b) First 2 rows of the transition table: 
О Q+ Оз 7. 
010:Оз | Х-0 Х=1|Х=0 Х-і 
000 100 101 1 0 
100 | 111 110 | 1 0 
Timing Diagram: 
| | | | 1 l | | 1 | 1 І | | | 1 | 
* Fa ПАН. бб, ahh, hh, 
se 1144 
чи 
501 or or oi x! oi o! or XI ot огт) xi i oi Td xi xi xi xi 
SPOX х! ХІ o! 0! о | E (0)!| m oi 1101 Li Li гі юп uro 
2 l ] ] І 101 
І І І 


І 
I І 1 | | | 
I І 
І І 1 ti Q3 | 0) ан E 
* Read output (output at other times not shown) 
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10.13 (а) module DPFF(D1, D2, C1, C2, 0); 
input D1, D2, СІ, C2; 
output О; 


reg О; 
initial begin 
0-0; 


епа 


always @(С1, C2) 


begin 
if(Cl == 1'01) 
О <= 11; 
else if(C2 == 151) 
О <= D2; 
else begin 
end 
end 
endmodule 


(b) module convert(X, SDI, SCK, TCK, Z, SDO); 
input X, SDI, SCK, TCK; 
output Z, SDO; 


wire 01, 02, 03, Q2N, Q3N, D3; 


assign Q2N = “02; 
assign ОЗМ = «03; 
assign SDO = 03; 


DPFF DPFF1(Q2N, SDI, SCK, TCK, Q1); 
DPFF DPFF2 (Q1, Q1, SCK, ТСК, 02); 
DPFF DPFF3(D3, Q2, SCK, TCK, Q3); 


assign Z = (X & O3) | (~X & ~03); 
assign D3 = (01 & 02 & O3) | (~X & 01 6 403) | (X в ~01 & ~Q2); 
endmodule 


(c) module testconverter; 
reg CLK; 
reg [3:0] testvector [3:0]; 
reg X, SDI, SCK, ТСК; 
wire 7, SDO; 
integer i; 
integer j; 


ТСК - 0; 

testvector[0] 

testvector[1] 

testvector[2] 

testvector[3] 
end 


4751001; 
4851000; 
4750001; 
4860000; 


always #50 CLK = ~CLK; 
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convert conv(X, SDI, 5СК, ТСК, 7, 8р0); 
always 
begin 

for(i = 3; i >= 0; і = і - 1) begin 

for(j = 1; j <= 3; j = j + 1) begin 

SDI <= testvector[i][j]; 
@ (роѕейде CLK) 
ТСК <= 1; 
8 (negedge CLK) 
ТСК <= 0; 
епа 


X <= testvector[i] [0]; 


8 (posedge CLK) 
SCK <= 1; 
@(negedge CLK) 
SCK <= 0; 
end 
end 
endmodule 


10.14 
$00 
Clock 
T 
SDI 
Z 
X 
10.15 
State O 1 2 9 10 ПІ 11 11 12 15 2 3 4 4 4 5 8 1 
TS 0 1] 10 0 0 1 1 1 000001 1 0 
TII. «omm жш о Әр ES meme ТОУ М v à 
10.16 (a) 
State 0 1 2 9 10 11 11 11 12 15 2 3 4 44 5 8 1 
TS O0 1] 10 0 0 0 1 1] 1 0000110 
ТЭТ = е xm m 9710 CO 07. Б л и ob 025 ғ 
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(b) 


Test Sequence 

1.shift input data into BSR1 

ze zb 2. update BSR2 <-- BSR1 
(run the core logic) 

3.capture output to BSR1 


‘output | 
4. shift data out to TDO 


: pins | 


w 


not used 
for INTEST TDI capture 


Changes to code: 


CaptureDR state, insert after IDR = "001": or IDR = "010" 
UpdateDR state, insert after IDR = "001": or IDR "010" 
BSRout statement: по change since BSR2 already goes to core logic for input cells when IDR 
- "010" 
10.17 
Input сей: О, апа Q, 
Output сей: О, and Q, 
Pin 1 Core 1 
(BSRout) 
INPUT 
BSR2(1) 
TDi CELL 
В5В1(1) 
Соге2 Ріп 2 
(BSRin) (BSRout) 
OUTPUT 
CELL 
TDO 


CaptureDR' 


To clear 
BYPASS FF ax 
2 
ТСК ЕЕ 
ré іл 


CES = ShiftDR * BYP + CaptureDR * BYP 
M1 = M3 = ShiftDR 

CE1 = ShiftDR * BYP’ + CaptureDR • EXT 
CE2 = UpdateDR + SPR 

СЕЗ = ShiftDR * BYP’ + CaptureDR • SPR 
CE4 = UpdateDR • (SPR + EXT) 

M2 = M4 = TestLogicReset + EXT’ 
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10.18 In Figure 10-22, in the list of concurrent assignments, change: 
assign BSRlin[1] = BSR2out[4]; to assign BSRlin[1] = 1'50; 


10.19 Verilog code for Figure 10-14 (b) is as follows: 
module BS Cell(TDI, BSRin, SLmode, TNmode, TCK, Capture Shift, Update, 
TDO, BSRout); 
input TDI, BSRin, SLmode, TNmode, TCK, Capture Shift, Update; 
output TDO, BSRout; 


reg 01, Q2; 
wire D1; 


initial begin 


Q120; 

Q220; 
end 
assign BSRout = (TNmode == 1'b1)? BSRin : 02; 
assign 01 = (SLmode == 1'b1)? BSRin : TDI; 


assign TDO - Q1; 


always @(posedge ТСК) 


begin 
if(Capture Shift == 1'01) 
01 <= 11; 
if(Update == 1'b1) 
Q2 <- 01; 
епа 
endmodule 


To use the above boundary scan-cell, amend the code of Figure 10-21 as follows: 
- To the list of internal signals, add: 
reg [1:NCELLS] Capture Shift, Update; 
wire [0:NCELLS] TD; 
wire SLmode, TNmode; 
wire F1; 


T 


- Add the following generate statement: 
genvar i; 
generate 
for(i = 1; i <= NCELLS; i= i + 1) begin 
BS Cell celli(TD[i-1], BSRin[i], SLmode, TNmode, ТСК, 
Capture Shift[i], Update[i], TD[i], BSRout[i]); 


end 
endgenerate 


- Change case "CaptureDR:" to 
CaptureDR: begin 
if(IDR == 3'b111) 
BYPASS <= 0; 


if(TMS == 0) 
St <= ShiftDR; 
else 


St <= ExitlDR; 
end 


- Change case "ShiftDR:" to: 
ShiftDR: begin 
if(IDR == 3'b111) 
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BYPASS <= TDI; 


if (TMS == 1'b0) 
St <= ShiftDR; 
else 
St <= ExitlDR; 
end 


- Change case " UpdateDR:" to: 
UpdateDR: begin 


if (TMS == 1'b0) 
St «- RunTest Idle; 
else 
St <= SelectDRScan; 
end 


- Add the following concurrent statements: 
assign SLmode = (St == ShiftDR)? 1'bO : 1'b1; 
assign TNmode (St == TestLogicReset | (~(IDR == 3'b000))) ? 
TDO eeb pL; 
assign TD[0] = TDI; 
assign Fl = ((St == ShiftDR) в (IDR != 3'b000)) 


- Add the following always block: 


integer j; 


always 
begin 
for(j = 1; j <= NCELLS; j = j +1) begin 
if(Fl == 1'b1 || (St == CaptureDR && (IDR == 3'5001 || 
(IDR == 3'b000 && CellType[j] == 1'b0)))) 
Capture Shift[j] = 1; 
else 
Capture Shift[j] = 0; 
if(St -- UpdateDR && 
(IDR == 3'b001 || (IDR == 3'b000 && CellType[j] == 1'5b1))) 
Update[j] = 1; 
else 
Update[j] - 0; 
end 
end 


- Change concurrent statement "assign Тро =" statement (2nd to last statement of the 
code) to: 
assign ТРО = (St == ShiftDR && IDR--3'b111)? BYPASS 
((St == ShiftDR)? TD[NCELLS] : ((St == ShiftIR)? 
IR[3] : TDO)); 


- Delete concurrent statement "assign BSRout -" statement (last statement of the code). 
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10.20 (а) & (Ъ) 


СІК 


Added Logic f 


(c) State Sequence: 00000, 10000, 01000, 10100, 01010, 10101, 11010, 11101, 01110, 10111, 
11011, 01101, 00110, 00011, 10001, 11000, 11100, 11110, 11111, 01111, 00111, 10011, 
11001, 01100, 10110, 01011, 00101, 10010, 01001, 00100, 00010, 00001, 00000 


10.21 (a) & (b) 


D 01 D Q D Q3 D Q4 D Q5 D Q6 
> or > or оз > 094 | > 05 > Qe 
ТЕ | | 
несе” 


(с) State Sequence: 000000, 100000, 110000, 111000, 111100, 111110, 111111, 011111, 101111, 
010111, 101011, 010101, 101010, 110101, 011010, 001101, 100110, 110011, 011001, 101100, 
110110, 111011, 011101, 101110, 110111, 011011, 101101, 010110, 001011, 100101, 010010, 
001001, 100100, 110010, 111001, 011100, 001110, 000111, 100011, 010001, 101000, 110100, 
111010, 111101, 011110, 001111, 100111, 010011, 101001, 010100, 001010, 000101, 100010, 
110001, 011000, 001100, 000110, 000011, 100001, 010000, 001000, 000100, 000010, 000001, 
000000 


10.22 (a) module MISR 8bit(CLK, Z, D, Q); 
input CLK; 
input [1:8] Z, р; 
output [1:8] O; 
reg [1:8] O; 
initial begin 
Q= D; 
end 


always @(posedge CLK) 
begin 

Q <= {(Q[1] ^ 9[81), Q[1:7]} ^ 2; 
end 


endmodule 
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(b) Self-Test Circuit Block Diagram: 


BIST 
Controller 


8-bit 


data in address 


RAM 


data out 


MISR CLK 


BIST Controller State Diagram: 


St / Clr 


AdFF=1 when adress=FF 
Read when INH=1 
Write when INH=0 


(c) module RAM Selftest (CLK, St, Done, Result); 
input CLK, St; 
output reg Done, Result; 


reg CLR, INH, ShInc, En; 

wire MISR СТК, AdFF, We b; 

wire [7:0] Addr, MISR In, MISR Out, RAMbus; 
reg [7:0] Counter; 

reg [7:0] ShREG; 

reg [1:0] State, Nextstate; 

reg Cs b; 


initial begin 
Done 0; 


Counter Os 


ShREG 


0; 
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State = 0; 
Nextstate - 0; 


Св = 0; 
епа 
assign AdFF = (Counter == 255)? 1: 0; 
assign We b = CLK | INH; 


assign Addr = Sunsigned (Counter); 


assign RAMbus = (INH == 0)? ShREG : 8'bzzzzzzzz; 
assign MISR CLK 2 CLK | (!En); 
assign MISR In = (Еп == 1'b1)? RAMbus : 8'b00000000; 


RAM6116 RAM(Cs b, We Б, 1'b0, Addr, RAMbus); 
MISR 8bit MISR(MISR CLK, MISR In, MISR Out); 


always @(State, St, AdFF) 
begin 
CLR = 0; INH 0; ShInc = 0; 
En = 0; Done = 0; Result = 0; 
case (State) 
0: begin 
INH = 1; 
if(St == 1) begin 
CLR = 1; 
Nextstate 
end 
else 
Nextstate 
end 
1: begin 
Shinc = 1; 
if(AdFF == 1) 
Nextstate = 2; 
else 
Nextstate = 1; 


І 
т 
ма 


І 
© 
^s 


end 
2: begin 
INH - 1; 
ShInc z 
En 2 1; 
if(AdFF == 1) 
Nextstate = 3; 
else 
Nextstate 


1; 


І 
N 
-. 


епа 
3: begin 
Done = 1; 
Nextstate - 0; 
if(MISR Out == 8'b10100001) 
Result = 1; 
else 
Result = 0; 
end 
endcase 
end 


always @(posedge CLK) 


begin 
State <= Nextstate; 
if(CLR == 1) begin 


ShREG <= 8'500000000; 
Counter <= 0; 
end 
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if(Sh 
ShR 
if( 

С 

е15 


Inc == 1) begin 


EG <- (!5ҺВЕСІ01, 
Counter == 255) 
ounter <= 0; 

е 


ShREG[7:1]); 


Counter <= Counter + 1; 


end 
end 


endmodule 


10.23 (1) Load A with 1011 and B with 1110, clear C. 


В, B2 $; | Action 
000 | shift in С(0) 
000  |shiftin C(1) 
000  |shiftin C(2) 
000 | shift in C(3) 
000 | shift in B(O) 
001 | shift in В(1) 
001 | shift in B(2) 
001 | shift in BG) 
001 | shift in А(0) 
001 | shift in A(1) 
000 | shift in AQ) 
001 | shift in A(3) 


(2) Test the system by using A and B as pattern generators and C as a signature register for four 


clock times. 


В. Bo $; | Action 
01X PRPG mode 
01X PRPG mode 
01X PRPG mode 
01X PRPG mode 
(3) Shift the C register output into the tester. 
В. B2 $; | Action 
00X shift out C(3) 
00X shift out C(2) 
00X shift out C(1) 
00X shift out C(0) 
(4) Return to the normal system mode. 
Bı Bo $; | Action 
10X normal mode 
10.24 
Operating Mode | Bı Bo 
normal 10 
shift register 00 
PRPG (LFSR) 01 
MISR 11 


State Sequence: 001, 100, 110, 111, 011, 101, 010, 001 
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